The behavioural and population ecology of an Australian native bee, Amphylaeus morosus Smith (Colletidae: Hylaeinae) by Spessa, Allan
The Behavioural and Population Ecology of 
an Australian Native Bee, Amphylaeus 
morosus Smith (Colletidae: Hylaeinae)
Allan Spessa
Division of Botany and Zoology
A thesis submitted for the degree of 
Doctor of Philosophy 
at the Australian National University
June 1999
Declaration
The research presented in this thesis is my original and independent work. 
Specific contributions and assistance by others are referred to in the text and 
acknowledgments.
Allan Spessa 
June 1999
f RAlT/j^ -s 
library ^
Acknowledgments
I wish to thank the following people who provided assistance and 
support during this project.
I am especially thankful to my supervisor Dr Michael Schwarz (School of 
Biological Sciences, Flinders University) who gave unstinting advice, help and 
support from start to finish. His friendship is appreciated. I appreciate the 
generous efforts of my principal supervisor Dr Penny Gullan (Division of 
Botany & Zoology, ANU) in taking on the supervision of my project when I 
moved to Canberra, as well as her editorial advice on my thesis. Prof. Andrew 
Cockburn (Head of BoZo) facilitated the provision of laboratory space etc., and 
I appreciate this.
Substantial funding for my project was received from the Holsworth 
Wildlife Research Fund (Vic.). The Honey Research and Development Council 
also assisted financially. I thank Dr Bill Holsworth, and the Victorian and NSW 
Apiarists' Associations for their continued interest in my project. The honey 
bee hives were hired from Alan Butler (Heathcote), who also maintained them.
Ross Cunningham from the Statistics Consulting Unit of the Graduate 
School (ANU) provided much needed advice on data analysis. I am thankful 
for his advice and good humour. The Unit's Christine Donnelly helped with 
much of the GENSTAT work.
Dr Mike McPhail and Dominic O'Day (Dept of Archeology & Prehistory, 
ANU) helped with the identification of pollen types. Doug Somerville (NSW 
Agriculture, Goulburn) supplied much needed references to studies of honey 
bee biology and behaviour. Mick Morley (Dept of Natural Resources & the 
Environment (Vic.), Toolangi) provided helpful advice on various aspects of the 
natural history and ecology of the Black Range and Toolangi State Forests, 
where much of this project took place. Gary Niewand (Dept of Natural 
Resources & the Environment (Vic.), Melbourne) informed me about policy 
work being undertaken by DNRE on apiculture on public lands within Victoria. 
Stuart Dennis (BoZo) provided 'last minute' assistance with colour plate work 
and map drawing.
I thank my parents, Peter and Maria, for their support over all these 
years. I am grateful to my wife Jeannette Wilke and our son Daniel whose 
encouragement, love and patience helped me to finish.
ABSTRACT
This study is the first comprehensive investigation of the behavioural 
and population ecology of the native Australian bee, Amphylaeus morosus Smith 
1879 (Colletidae: Hylaeine), and of any Australian hylaeine species. The project 
had three main aims. The first was to describe the lifecycle and examine the 
social nesting behaviour of A. morosus, the second was to assess potential floral 
resource overlap and resource competition between A. morosus and the 
introduced European honey bee (Apis mellifera L.), and the third was to 
investigate sex allocation in A. morosus. The research was undertaken over two 
years (1992-93 and 1993-94) within moist-dry eucalypt forests in temperate 
montane regions of the southern Great Dividing Range of Australia (Black 
Range and Toolangi State Forests, and the Dandenong Ranges National Park). 
This region may be classified as temperate 'Mediterranean', and plant 
communities are dominated by a Eucalyptus overstory. In this region, A. 
morosus nests within naturally excised fronds of the rough tree fern, Cyathea 
australis, which grows in sheltered run-offs within gullies.
Amphylaeus morosus had a univoltine lifecycle in the present study. New 
nests were founded in spring, while most nests (about 70%) were reused a 
second time. Presumably, fronds have a finite "shelf life" due to the fibrous 
nature of the fronds and the generally moist conditions. A. morosus applies a 
waterproof cellophane to the nest prior to brood production, which takes place 
from late spring until early-mid summer. There is one nest per frond and the 
brood are laid sequentially in separate-sealed brood cells, each provisioned 
with nectar and pollen. New nests had only one adult female during the brood­
rearing phase, whereas about 24% of reused nests during this phase were multi­
female (predominantly two adult females, and occasionally three adult 
females). This study is the first report of social nesting in any colletid bee, 
based on reliable data.
Direct observations of within-nest behaviours was not undertaken, 
rather inferences on social nesting are drawn from dissections of a large sample 
of nests and their contents. Social nesting appears to be the result of reusing a 
nest, rather than the result of cooperative interactions per se among nestmates. 
One- and two-adult female reused nests were similar in terms of brood 
production per adult female (though overall differences were possibly obscured
by late season mortality among adults females) and total brood mortality 
(principally parasitisation by the wasp, Gasteruption sp.). In contrast, new nests 
produced significantly fewer brood than one-adult female reused nests. New 
nests lagged behind reused nests in commencing brood production, 
presumably because comparatively more time is needed by a bee to construct 
and line the walls of a new nest rather than merely extend and reline a pre­
existing nest. The role of kin selection in promoting cooperative nesting would 
appear to be minor, given that average relatedness between nestmates was 
quite low (r = 0.26 ± 0.06 s.e.). It appears that suitable nesting fronds were not 
constrained in this study, and thus this factor probably did not influence multi­
female nest reuse. Since A. morosus provisions cells as a linear series, and since 
this behaviour presents opportunities for intra-nidal oophagy, for example, 
then it is unlikely that nestmates in multi-female nests share reproduction 
equally. Relative ovary sizes, body sizes and wing wear of bees within multi­
female nests were statistically similar, and hence do not support the hypothesis 
of differential reproductive output between nestmates. However, DNA 
analyses of maternity relationships within nests are needed to help quantify 
relative outputs between nestmates.
In assessing potential floral resource competition between honey bees 
and A. morosus, this study measured variables that were directly associated 
with changes in fitness of A. morosus. Specifically, the demographic 
performance of A. morosus (e.g. brood production, pupal weights, survival of 
brood, and frequency of nests with adult females) was measured in four 
experimental sites (each containing six commercial-size honey bee hives) versus 
four control sites (no enhancement of honey bee densities) over two spring- 
summer flowering seasons.
The results of honey bee baiting experiments indicated that the honey 
bee treatments represented a very large perturbation to the system.
Proportional use of pollens from different floral groups by A. morosus in each 
year was generally as follows: Eucalyptus > Fabaceae > Leptospermum; whereas 
that for honey bees was generally as follows: Acacia = Eucalyptus = Hypochoeris 
radicata > Fabaceae > Leptospermum in year one, and Eucalyptus > H. radicata > 
Acacia = Fabaceae > Leptospermum in year two. Overall, A. morosus and honey 
bees showed substantial overlap in pollen use- about 50% similarity in each 
year. Despite these results, no statistically significant negative impact of honey 
bees on the demographic performance of A. morosus was detected. Three likely 
and testable hypotheses may explain the lack of any detectable impact of honey
bees on A. morosus. One, A. morosus and honey bees vary in their use of the 
same floral resources over time and space. Two, floral resources were not 
limiting for A. morosus. Three, increased biomass of bees in experimental sites, 
reduced the potential impact of honey bees on A. morosus through the effects of 
'predator-saturation'.
Populations of A. morosus followed Fisherian ratios of equal investment 
in male and female brood. Conditional sex allocation strategies best explain 
why male-biased numerical and investment ratios were produced in reused 
nests, but ratios were female-biased in new nests. Specifically, given that nests 
are a valuable resource that can be used more than once, then mothers in new 
nests should be selected to produce more daughters than sons in such nests 
because only daughters can exploit this resource in the next generation. 
However, frequency-dependent selection operating on mothers in reused nests 
to bias their allocation to relatively more sons, gives rise to population-wide 1:1 
investment patterns. Additionally, A. morosus is protogynous, female brood 
were generally heavier than male brood, and comparatively more and heavier 
brood were produced in the second year of this study.
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1CHAPTER 1
General introduction
1.1 Introduction to the Australian bee fauna
Bees are widely believed to have evolved from flower-visiting aculeate 
sphecid wasps (Malyshev 1968; Michener 1974; Lomholdt 1982; Michener and 
Houston 1991; Alexander 1992; Alexander and Michener 1995). However, instead 
of provisioning their larvae with paralysed insects or spiders as for most sphecids, 
bees feed their young with nectar and protein-rich pollen collected from flowers. 
Recent phylogenetic work hypothesises that bees should be classified within the 
superfamily Apoidea and sphecid wasps within the superfamily Sphecoidea 
(Alexander 1992; Roig-Alsina and Michener 1993; Alexander and Michener 1995), 
though other recent work suggests that bees and sphecids form a monophyletic 
group, and thus should be classified as one superfamily (Hanson and Gauld 1995). 
Given that these phylogenetic hypotheses are still the subject of considerable 
debate and research (Menke 1997), the conventional view of bees as a 
monophyletic group (i.e. the Apoidea comprises only bees) will be adopted for the 
purposes of this thesis.
The evolution of the first species of bees probably took place during the 
Cretaceous period (146 million to 76 million years ago) in conjunction with the 
radiation of the angiosperms (Michener 1974; Michener and Houston 1991). The 
oldest known fossil bee (named Trigona prisca), which is preserved in amber after 
having been originally trapped in resin, is about 96-74 million years old 
(Michener and Grimaldi 1988). The conventional view of the phylogeny of the 
Apoidea classifies this superfamily into nine families of bees: Colletidae; 
Stenotritidae, Andrenidae; Halictidae; Mellittidae; Dasypodidae; Meganomiidae; 
Megachildae; and Apidae (Alexander and Michener 1995). Bees range in size
2from 1.5 mm-long workers of some tropical stingless bees (subfamily 
Meliponinae) to some carpenter bees (subfamily Xylocoponinae), which can be as 
large as 40 mm long (O'Toole and Raw 1991). Colletid bees are one of the most 
plesiomorphic bee families (Alexander and Michener 1995) and most closely 
resemble sphecoid wasps, though like other bees, they can be distinguised from 
sphecids by having branched body hairs and the expanded basal segment of the 
hind tarsus (Alexander 1992; Alexander and Michener 1995). Colletids probably 
have a Gondwanan origin- from a time when the continents had barely begun to 
separate (Michener 1979; Alexander and Michener 1995).
Compared with other regions of the world, the bee fauna of Australia 
displays a moderately high degree of species richness with over 1550 known 
species (Michener 1979; Cardale 1993). Only certain regions within the 
Mediterranean (e.g. Israel), central Asia, North America (e.g. California) and the 
New World tropics are believed to contain a greater number of bee species 
(Michener 1979), though it is likely that over one-half of the bee fauna of 
Australia has yet to be formally described (Cardale 1993).
The bee fauna of Australia is quite unlike that found on any other 
continent (Michener 1979; O'Toole and Raw 1991; Cardale 1993; Alexander and 
Michener 1995). For example, Australia lacks the Andrenidae, and yet the 
Stenotritidae are restricted entirely to Australia. Furthermore, Australia is 
dominated by the Colletidae, with over three-quarters of the bee genera, and 
nearly half of the named species being colletids. In Australia, the colletids have 
undergone an extensive and distinctive radiation. To illustrate this point, there 
are only two colletid genera in Eurasia, about six in North America and several 
more in Central and South America. However, in Australia, there are 
approximately 32 genera, and over 50 subgenera of colletids. There are three 
subfamilies of Colletidae in Australia: the Hylaeinae, Colletinae, and 
Euryglossinae. The Hylaeinae have a world-wide distribution, principally 
because of the widespread genus, Hylaeus. However, only in Australia do 
hylaeines constitute the major element of the bee fauna, comprising about 14% of
3known species. They are also more diverse in Australia than any other 
biogeographic region with 14 of 16 subgenera endemic only to Australia. The 
Colletinae also have a cosmopolitan distribution but the majority of colletine 
genera occur only in Australia. Lastly, the Euryglossinae are endemic to Australia 
(Michener 1979; O'Toole and Raw 1991; Cardale 1993; Alexander and Michener 
1995).
1.2 Importance of native bees and their conservation
Native bees form an integral part of Australian biodiversity. Many native 
plants use native bees as pollinators and at least several species depend on native 
bees for survival and maintenance of genetic diversity (Armstrong 1979;
Beardsell et al. 1993; Sydes and Calder 1993; House 1997; Gross and Mackay 1998). 
On other continents, it has been demonstrated that bees also use a considerable 
amount of the floral resources produced by plants (e.g. pollen, nectar, oils and so 
on) and they constitute an important prey source for many different species of 
insectivorous birds, predacious ants and parasitic wasps (Michener 1974; Roubik 
1989, 1996a,b; O'Toole and Raw 1991). The importance of bees as utilisers of floral 
resources and as prey sources would doubtless be the same for Australia, though 
no studies specifically addressing these two general roles currently exist. In 
summary, it would seem likely that Australian native bees play an important 
role in the functioning of native ecosystems, yet despite this probable role, very 
little is presently known about the biology and ecology of native Australian bees 
(Cardale 1993; Sugden et al. 1996; Schwarz et al. 1998; Schwarz and Hogendoorn 
1999).
It is generally believed that populations of native vertebrates and 
invertebrates- possible including bee species, have been adversely affected by the 
actions of European colonists during the past 200 or so years of their settlement of 
Australia. These actions include clearing and logging of native forests, changes to 
fire regimes and the introduction of the European honey bee (Apis mellifera L.;
4Apidae: Apinae) (Saunders et al. 1996; Yen and Butcher 1997). Similar to 
pressures facing indigenous bee fauna of other continents, the most serious threat 
to the Australian bee fauna is thought to be clearing and modification of habitat 
associated with urbanisation and agriculture that had occurred extensively across 
the continent in the past, and still occurs in certain regions (Houston 1992,
Sugden et al. 1996, Schwarz and Hogendoorn 1999). In Australia, the clearing of 
large expanses of native vegetation on private land in Australia has also meant 
that apiarists (honey bee keepers) have increasingly required access to Crown 
Lands such as State Forests and in some States, National Parks to produce honey 
(Sugden et al. 1996; Schwarz et al. in press). As a consequence, native bees are 
experiencing ever decreasing areas of native vegetation, and in addition must 
coexist with introduced honey bees in most of those areas that remain. However, 
our understanding of the impacts of these actions and consequences for native 
Australian bees is effectively limited because specific studies addressing these 
issues are comparatively few in number, and our knowledge of the biology and 
ecology of native Australian bees is generally lacking.
1.3 Impact of introduced honey bees
Prior to domestication, European honey bees were restricted to Europe, 
western Asia and Africa. They have since been introduced to southern and 
eastern parts of Asia, Australasia, and most of the western hemisphere (Roubik 
1989, 1996a,b; Sugden et al. 1996; Paton 1996). Honey bees were initially 
introduced into Australia in the early 1800s and are now present throughout 
most non-arid areas on the mainland, Tasmania, and some other offshore islands 
(e.g. Kangaroo Island, South Australia) (Paton 1996; Butz-Huryn 1997). In these 
areas, A. mellifera is now ubiquitous as a feral species, and also, is very common 
locally as a managed, commercial species. In a 1994 survey of researchers and 
land managers working on honey bees within State, Territory and 
Commonwealth government agencies and universities, Paton (1996) estimated 
that there were over 500 000 managed hives in Australia, and although
5quantitative data on the density of feral colonies are generally lacking, relatively 
high densities of feral honey bees are found in riparian vegetation habitats, 
coastal heathland and open eucalypt woodlands, while the lowest densities occur 
in rainforests, moist temperate montane areas and arid inland areas away from 
water courses. In general, the distribution and abundance of feral honey bee 
colonies is limited by factors such availability of water, availability of pollen and 
nectar resources, availability of suitable hollows, various bee diseases, and cold or 
wet weather (Paton 1996; Oldroyd et al. 1997).
Commercial beekeepers in Australia frequently use National Parks, and 
other conserved areas for honey production, increasing hive strength and for 
overwintering (Paton 1996). Continuation of current levels of access to these 
areas may be under some doubt, however, because it is believed that honey bees 
negatively impact upon native fauna and flora- the exact extent of which has 
generated considerable debate among the beekeeping industry and scientists 
(Paton 1996; Sugden et al. 1996; Butz-Huryn 1997). For example, some scientists 
believe that generalist honey bees could negatively impact on native fauna, 
including native bees, by competing for shared resources that are limiting (Pyke 
and Balzer 1985; Sugden and Pyke 1991; Paton 1996; Sugden et al. 1996, Gross and 
Mackay, 1998; Schwarz et. al. in press); though others have alternative points of 
view (Oldroyd et. al. 1994; Butz-Huryn 1997; Gibbs and Muirhead 1998).
The hypothesis that honey bees may impact on native biota is based on 
the various biological attributes of honey bees that predispose them to being 
excellent competitors, including: large colony sizes, typically comprising several 
thousands of workers; potential to forage several kilometres from their hive; 
high vagility- the ability to abandon a nesting site, with some chances of 
successful establishment at a relatively distant site; efficient recruitment of 
workers to food sources (dedicated foragers and ability to communicate food 
sources to the rest of the colony); high metabolic requirements for pollen and 
nectar to maintain hive temperatures; and the capability to exist as naturalised 
feral colonies augmented by large numbers of commercial colonies selected for
6strong populations for honey production and pollination services (Roubik 1989, 
1996a,b; Buchmann 1996; Paton 1996; Thorp 1996; Schwarz et. al. in press). From 
an Australian perspective, shared resources that may be limited include: nectar; 
pollen; plant resins, which are also used by native bees and native Australian 
vertebrates (e.g. honeyeaters and possums); and nesting tree hollows which are 
also used by native Australian vertebrates (e.g. parrots, cockatoos and possums). 
Previous Australian studies of honey bee-native fauna competitive interactions 
in the field have shown that honey bees may alter the demographic performance 
of native bees (e.g. Sugden and Pyke 1991; Schwarz et al. in press) and that honey 
bees compete with birds for either access to flowers (e.g. honeyeaters on 
bottlebrush (Paton 1993)) or tree hollows (e.g. cockatoos using hollows as nesting 
sites (Saunders 1979; Mathews 1984; Bell 1987; Rowley 1990)). By contrast, other 
studies could not detect any interactions, for example, Oldroyd et al. (1994) found 
that honey bees only used a small proportion of tree hollows used for nesting by 
parrots in Wyperfield National Park, NW Victoria. Furthermore, Paton (1995) 
reported no differences in the abundances of native fauna in sites with and 
without honey bees in Banksia heathlands of South Australia, mainly because 
honey bees did not remove all of the pollen and nectar within those sites. Honey 
bees may also detrimentally affect plant fitness by perturbing pollination 
processes. For example, honey bees may forage at native flowers in ways that are 
less likely to effect pollination (e.g. they maybe too small to Trip' the pollinating 
mechanism of a flower, or to bridge the gap between anthers and stigma), or they 
could change gene flow within plant communities by altering patterns of pollen 
movement (e.g. Roubik 1989; Vaughton 1992, 1996; Wills et al. 1990; Paton 1993; 
Gross and Mackay 1998), though Butz-Huryn (1997) reports counter-examples. In 
summary, these equivocal findings have tended to fuel rather than settle the 
debate as to whether honey bees affect native biota or not, principally because 
very little experimental information across a wide range of native species that 
may potentially interact with honeybees currently exists (Paton 1996; Sugden et al. 
1996; Schwarz et al. in press).
7Few systematic studies of the potential impact of honey bees on the 
fitness of native bees via either exploitative competition for resources or 
interference competition at floral resources have been undertaken in Australia to 
date (Pyke and Blazer 1985; Sugden and Pyke 1991; Gross and Mackay, 1998; 
Schwarz et al., in press). Studies of competitive interactions between honey bees 
and native species have generally focussed on bird-pollinated systems (e.g. 
Vaughton 1992, 1996; Paton 1990, 1995, 1996). While there are approximately 1500 
species of native bee in Australia (Cardale 1993), and many of these bee species are 
likely to be important pollinators or significant floral resource utilizers of a wide 
range of Australian plant species (Michener 1965; Armstrong 1979; Beardsell et al. 
1993, House 1997; Gross and Mackay 1998), there are only about 100 nectarivorous 
species of native bird (Ford et al. 1997). This situation may therefore be providing 
an uneven view of the potential impacts of honeybees on native biota.
Some previous studies of honey bee-native bee competitive interactions 
have focussed on the demographic performance of native Exoneura spp. (Apidae: 
Xylocopinae: Allopdapinae) (Sugden and Pyke 1991; Schwarz et al. in press), 
which are phylogenetically, morphologically and behaviourally quite different 
from other native Australian bee taxa, especially the colletids (Michener 1960, 
1965, 1974; Houston 1969, 1975; Cardale 1993; Schwarz et al. 1998). The remainder 
of such studies have been undertaken at the native bee community or species 
level of investigation, but have generally not featured hylaeine bees (Pyke and 
Balzer 1985; Gross and Mackay 1998)
1.4 The study species: Amphylaeus morosus
Am-phylaeus morosus (Smith) was originally designated by Smith (1879) 
as Prosopis morosa, but renamed by Michener (1965) as Amphylaeus morosus. A. 
morosus is classifed within the subfamily Hylaeinae and family Colletidae 
(Houston 1975; Michener and Houston 1991). Like the other colletid sub-families 
(Colletinae and Euryglossinae) that occur in Australia, hylaeine bees have a short
8bilobed proboscis (tongue) and females use it as a paint brush to apply a secretion 
of macrocyclic lactones to the walls of the brood cells. This mixture dries to form 
a translucent, cellophane-like membrane which is waterproof and resistant to 
fungal attack (Michener I960, 1965, 1974; Houston 1969, 1975, 1981).
Like sphecid wasps, hylaeine bees lack any pollen-carrying structure- 
quite unlike any other bee group, except for euryglossines (Michener 1960, 1965, 
1974; Houston 1969, 1975, 1981). In most other bee species (familiar examples are 
the honey bee and bumble bees, Bombus spp.) female bees brush back the pollen 
that has accumulated on their body hairs while they have been visiting flowers 
and place it into specialized pollen carrying 'baskets' (scopae) on their hind legs, 
and then carry this back to their nest (Michener 1974). By contrast, hylaeine bees, 
like euryglossine bees, do not have this kind of pollen transportation 
mechanism. These bees, unlike the Colletinae, are sparsely haired and do not 
possess scopae in any form. Female hylaeine and euryglossine bees carry pollen 
(and nectar) in their crops or stomachs. They imbibe a mixture of pollen and 
nectar into their crop at flowers before flying back to their nest. At the nest, they 
regurgitate this viscous mixture into a preconstructed brood cell. Then, like all 
other mass provisioning bees (except for the allodapines), they lay an egg on top 
of the food prior to sealing the cell, and commencing building a new cell 
(Michener 1960, 1965, 1974; Houston 1969, 1975, 1981).
Houston (1975,1981) published a taxonomic revision of the Australian 
hylaeine bees. The genus Amphylaeus has only four species. These bees are 
medium to moderately large (body length 6.5-12 mm), black, with yellow 
markings on the scutellum and metanotum and white or yellow markings on 
the face, pronotum and legs. Adults of A. morosus are moderately large bees 
with females having a body length of approximately 12 mm (males: approx. 11 
mm) and a head width of about 3.3 mm (males: approx. 2.7 mm) (Houston 1975). 
Dorsal views of an adult female and an adult male of A. morosus are shown in 
Plates 1.1 and 1.2, respectively. Interestingly, males have a creamy yellow facial
9patch that covers the whole face, whereas females have bright yellow median 
facial patch that is diamond shaped (Plate 1.3).
Amphylaeus is distributed through eastern Australia from western 
Victoria north to far northern Queensland, on and east of the Great Dividing 
Range (Houston 1975). A. morosus is widely distributed from south-western 
Victoria north to south-eastern Queensland, inhabiting both coastal heathland 
habitats and montane habitats (Map 1.1; Houston 1975). In the former habitats, it 
prefers to nest within desiccated flower scapes of the grasstree, Xanthorrhoea 
(Michener 1960; Houston 1969, 1975). In the latter habitats, it uses naturally 
excised fronds of the rough treefern, Cyathea australis (Houston 1975; refer 
Chapter 2). A clump of C. australis plants is illustrated in Plate 1.4. Plate 1.5 
shows two dissected nests of A. morosus made in C. australis fronds. Note how 
only one nest is constructed per treefern frond, the linear series of brood cells in 
each nest, and the cellophane-like lining of cells and the inside of the nest. A 
close-up view of a pupa of A. morosus within its cell is shown in Plate 1.6.
Hylaeines have been recorded at flowers on a broad range of plant taxa, 
including speciose families such as the Myrtaceae, Mimosaceae, and Fabaceae; and 
the floral hosts reported for A. morosus are: Eucalyptus, Acacia, Banksia, 
Gompholobium, Melaleuca, Pultenea villosa, and Xanthorrhoea (Michener 1965; 
Houston 1969, 1975, 1981; Armstrong 1979; Cardale 1993). Hence, A. morosus 
may be interpreted as polylectic (sensu Wcislo and Cane 1996). On the other 
hand, the comparatively short tongue of hylaeines probably restricts them to 
nectar plants with 'shallow-cupped' flowers such as the Myrtaceae (Michener 
1965, 1979). The Myrtaceae are endemic to Australia, New Guinea and the eastern 
Indonesian archipelago (Beardsell et al. 1993). In Australia, they have undergone 
an extensive radiation, are the dominant floral family within most temperate 
and sub-tropical woodland habitats, and include such well-known genera as 
Eucalyptus, Leptospermum and Melaleuca (Costermans 1983; Beardsell et al.
1993).
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Myrtaceous flowers, especially those of eucalypts, also are used 
extensively by feral and commercial honey bees (Paton 1996; Gibbs and Muirhead 
1998; Schwarz et al. in press), and thus there is therefore a potential for resource 
overlap between A. morosus and honey bees. Consequently, competitive 
interactions between these species might ensue should those floral resources ever 
become limiting within a particular habitat.
Such competitive interactions could impact especially on A. morosus and 
other native bee species with similar morphology and nesting behaviours. 
Previous studies report that A. morosus, perhaps like other Australian colletids, 
predominately displays solitarily nesting behaviour, but occasionally forms pre- 
reproductive multi-female assemblages or temporary matrifilial associations 
comprising a few adult females at most (Michener 1960, 1974; Houston 1969,
1975). Furthermore, these studies have inferred no cooperative interactions 
among adult females within nests. In stark contrast, honey bees form very large 
colonies comprising many thousands of individuals, and exhibit highly eusocial 
behaviour (sensu Michener 1974; Wcislo and Danforth 1997) with task 
specialisation being a feature (e.g. specialist nectar and pollen foragers, nest 
guards, and typically a single egg-laying queen) (Moritz and Southwick 1992). 
Compared with some other native bees, A. morosus may be more vulnerable to 
possible floral resource competition with honey bees. For example, under 
conditions of low floral resource availability, adult females of A. morosus may be 
required to spend longer periods away from their nest in search of food. If such 
nests are solitary, then this could increase the exposure of the unattended brood 
in these nests to attack by natural enemies. On the other hand, some native 
Exoneura spp., for example, typically form colony sizes of a few to six adult 
females and display primatively eusocial behaviours (sensu Michener 1974; 
Wiclso and Danforth 1997), in which separate forager-like, guard-like and queen­
like castes can exist (Schwarz et al. 1998).
This study will examine floral resource competition between A. morosus 
and honey bees in moist-dry eucalypt forests within temperate montane regions
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of the southern Great Dividing Range (Map 1.1). A. morosus is a good candidate 
for this type of research. One, the behavioural and population ecology of A. 
morosus and that of other Australian hylaeines have received almost no 
research attention, despite the fact that the hylaeines are speciose in Australia. 
Two, A. morosus is relatively common and widespread through many forests in 
southern and eastern Australia. Consequently, A. morosus could serve as model 
for other hylaeines, as well as a general indicator species of honey bee impacts in 
these regions.
Potential interactions between A. morosus and honey bees can only be 
assessed once the lifecycle and the nesting behaviour of A. morosus are 
understood. Alcock and Houston (1987, 1996) examined variation in male 
reproductive -behaviour of eight hylaeine species in heathland habitats of 
Western Australia. However, detailed knowledge of the hylaeine lifecycle and 
nesting behaviour among adult females currently is lacking. Michener (1960) and 
Houston (1969) described the lifecycle and aspects of the nesting biology (e.g. 
internal nest architecture, cell construction) of hylaeines (including A. morosus) 
nesting in dessicated flower scapes of Xanthorrhoea in sub-tropical heathland 
areas of Queensland and New South Wales. Unfortunately, neither of these 
studies analysed the nesting behaviour of A. morosus using meaningful sample 
sizes, and their observations of nesting phenology were incomplete. Previous 
observations in temperate montane regions have shown that A. morosus nests 
within naturally-excised fronds of C. australis (Houston 1975; see also Chapter 2). 
In these regions, C. australis generally occurs in sheltered runoff and catchment 
areas (Costermans 1983; Land and Conservation Council 1991). Nevertheless, 
nothing is known of the lifecycle of hylaeines in temperate montane regions or 
their nesting behaviour during brood production anywhere in Australia.
Hylaeine bees are phylogenetically primitive (Michener 1974; Houston 
1975, 1981; Alexander and Michener 1995) and A. morosus forms multi-female 
communal nests that have been hypothesised to comprise sisters or near relatives 
(Michener 1960; Houston 1969). Thus detailed study of the nesting behaviour of
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A. morosus, both during and outside of brood production, also might yield useful 
data pertaining to the various theories explaining the evolution of cooperative 
nesting in Hymenoptera and other animal species (Moritz and Southwick 1992; 
Crespi 1996; Reeve et al. 1998). A. morosus sequentially constructs and mass- 
provisions a linear series of brood cells within its nest (Michener 1960; Houston 
1969), making it amenable to a study of sex allocation, which may add to 
knowledge of sex allocation theory (Charnov 1982; Crozier and Pamilo 1996).
1.5 Overall aims of the project
This study of the behavioural and population ecology of A. morosus has 
three principal aims:
1. To describe the lifecycle and investigate the nesting behaviour of 
A. morosus.
2. To assess potential floral resource overlap and floral resource 
competition between A. morosus and honey bees.
3. To examine sex allocation in A. morosus.
Chapters 2, 3 and 4 address aims 1, 2 and 3, respectively. Chapter 5 
summarises and synthesises the main results emerging from this study, describes 
experiments designed to examine two areas of the ecology of A. morosus in 
particular need of further research, and concludes with a discussion of possible 
recommendations for managing feral honey bees and commercial beekeeping 
activities in conserved and some other areas of Australia.
13
QUEENSLAND
Brisbane
NEW SOUTH WALES
VICTORIAS
• o
Black Range 
& Toolangi 
_  State Forests
Dandenong Ranges 
4 ^ "  National ParkMelbourne
Tasman Sea
Map 1.1 Known distribution of A. morosus in Australia (*) (redrawn 
from Houston 1975). The present project was undertaken in the Black 
Range and Toolangi State Forests and the Dandenong Ranges National 
Park as indicated by arrows. These State Forests provide additional 
distribution records for A. morosus.
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Plate 1.1 Dorsal view of an adult female of A. morosus. Body 
length of specimen is about 12 mm.
Plate 1.2 Dorsal view of an adult male of A. morosus. Body 
length of specimen is about 11 mm.
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Plate 1.3 An oblique view of an adult female of A. morosus. Note 
the distinctive facial marking, and its general sphecid wasp-like 
appearance, including sparse body hair and lack of pollen-carrying 
'baskets' on hind legs.
Plate 1.4 A clump of plants of the rough treefern, Cyathea australis. 
A. morosus nests within dry naturally-excised fronds of this treefern.
■ _Jj
Plate 1.5 Inside view of nests of A. morosus, showing 
linear brood cell production, cellophane-like material used to line nests 
and partition cells,and pollen-nectar provisions in some cells. These 
late-instar larvae are more than 1cm long.
______^  .
Plate 1.6 A pupa of A. morosus, showing a typical brood 
cell plug (made from particles of 'chewed' inner frond), and a 
cellophane-like cell partition. Note the pithy fibrous structure of the 
treefern frond.
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CHAPTER 2
Description of lifecycle and 
assessment of social behaviour of A. morosus
2.1 Introduction
A variety of factors are thought to promote sociality in insects, 
including high levels of relatedness among nestmates (review in Crozier 
and Pamilo 1996), enhanced predator and parasite defence (Lin and 
Michener 1972), and lack of opportunities for independent nesting (Herbers 
1986; Bull and Schwarz 1997). It has become clear that none of these factors 
have universal applicability to social insect species and that diverse selective 
regimes, entailing multiple selective factors, may operate in different taxa 
(Crespi 1996).
Among the bees, virtually all reports of sociality have been from the 
Halictidae and the Apidae (which now incorporates the previous family 
Anthophoridae; Roig-Alsina and Michener 1993) and both families show 
multiple origins of sociality (Packer and Knerer 1985; Michener 1990). There 
is only one report of sociality in the large and cosmopolitan family 
Colletidae. Sakagami and Zucchi (1978) inferred that one hylaeine bee, 
Hylaeus tricolor, displays cooperative nesting behaviour. They reported 
nests that had more than one potentially reproductive female but with only 
one brood cell under construction. Their inference was based on a sample 
size of only four nests, however.
Michener (1960) reported multi-female nests in Amphylaeus 
morosus from subtropical heathlands. However, these colonies were 
interpreted as being pre-reproductive assemblages of females or temporary 
matrifilial associations. The comparatively few multi-female nests collected 
(N = 5) each contained a single mated female with maturing oocytes plus
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one or more unmated females. The remaining nests (N = 19) each 
contained only a single female adult. Houston (1969) also found multi­
female nests of A. morosus in subtropical habitats and indicated that in 
these areas there are potentially more than one generation per year. Such 
bivoltinism or multivoltinism could give the appearance of social colonies 
because temporary mother-daughter associations may arise frequently and 
would contain females at different reproductive phases.
2.1.1 Study aims
This chapter describes the lifecycle and nesting behaviour of A. 
morosus in temperate, moist-dry eucalypt forests of the Central Highlands of 
Victoria. It assesses the extent to which multi-female nests are common 
throughout the brood-rearing phase. It also examines the possibility of 
reproductive differentiation among nestmates. Finally, it assesses the likely 
roles of both direct and indirect fitness benefits for cooperative nesting in A. 
morosus using data collected on the availability of nesting substrates, and on 
the fecundity, brood survival and intra-colony relatedness of the species.
2.2 Materials and methods
2.2.1 Study sites
Nests of A. morosus were collected from several locations within 
the north-western section of the Black Range State Forest (37° 18'S 145° 34'E), 
and the western section of the adjacent Toolangi State Forest (37° 29'S 145° 
26'E), approximately 100 km north-east of Melbourne, Victoria, and from 
several locations within the Sherbrooke forest section of the Dandenong 
Ranges National Park (37° 54'S 145° 22'E) located on the eastern fringe of 
Melbourne (refer Map 1.1 for the general location of these forests). All three 
forests are within the Central Highlands system of montane forests, which 
form part of the southern Great Dividing Range. The climate of the study 
region is generally temperate Mediterranean’, characterised by a moderately 
dry and warm-hot summer, and a wet and cool-cold winter (Land
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Conservation Council 1991). Numerous streams (mostly temporary) occur 
within the region (Land Conservation Council 1991).
Vegetation in these forests varies from wet to damp-dry eucalypt 
communities, and is dominated by an overstorey of Eucalyptus spp. 
(Costermans 1983; Land Conservation Council 1991). Within each location, 
all A. morosus nests were found in dry dead fronds of the rough treefern, 
Cyathea australis. These dead fronds fall haphazardly and abundantly 
around each tree fern. C. australis is part of the shrub layer and has a patchy 
distribution, usually within moist gullies and runoff areas or on well- 
shaded slopes. Clumps of ferns consisting of several plants commonly 
occur, and individual plants or clumps are separated by distances of 
approximately 2-10m.
2.2.2 Timing of sampling, and description of data series used
In this study, adult dissection and nest-content data were used from 
nests collected between May 1992 and January 1994 in three separate series of 
samples. The first series was used to establish the lifecycle and nesting 
phenology and nests were collected approximately every four weeks during 
spring and summer and every six weeks during autumn and winter, from 
several locations within the Black Range and Toolangi State Forests between 
May 1992 and April 1993. The second set of samples was collected on 20 
November 1993 from the Dandenong Ranges National Park, and was used 
for electrophoretic assays to estimate intra-colony relatedness.
The third series of samples was collected on 15 January 1993 from 
eight separate sites in the Black Range and Toolangi State Forests that were 
part of another experiment examining floral resource competition between 
the introduced European honey bee, Apis mellifera, and A. morosus 
(Chapter 3). Four of these sites had been subjected to experimental 
enhancement of honey bee density (addition of six hives per site), and the 
other four sites were control sites. Baiting experiments demonstrated that 
honey bee densities were virtually negligible in these forests. Statistical 
analyses showed that for A. morosus, fecundity of adult females, brood
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production, brood development, and rates of brood loss attributable to 
parasitisation by Gasteruption sp. or other factors did not differ significantly 
between control and experimental sites (Chapter 3). Hence, these 
experimental and control sites were pooled for the purposes of this study.
To augment existing populations of A. morosus at each of these eight sites, 
as well to reduce site-specific effects and initiate similar population sizes at 
all sites, existing nests at each site were firstly removed, and then pooled 
with a smaller number of nests that had been collected from surrounding 
areas possessing similar vegetation communities. Approximately 50 nests 
were then drawn at random from this large pool of nests, and placed among 
the tree ferns at each site to mimic the positions of naturally occurring nests. 
This replacement took place during late winter when the bees were inactive. 
Replacement nests were placed to mimic the positions of naturally occurring 
nests. Approximately 70 trap fronds (potential nests) were also placed in 
each of these sites during winter to examine nest foundation in the 
following spring-summer. Trap nests comprised dry excised fronds that 
were marked with paint and placed at the bases of tree ferns containing 
occupied nests.
2.2.3 Nest sampling, and preservation and dissection of adults
Intact nests of A. morosus were collected in the early morning or 
during inclement weather when bees were inactive. Whole fronds were 
collected and the bee nest entrances were plugged with cotton wool for
transport to the laboratory, where they were stored at 5 °C until examined. 
Adult females used only for dissection were fixed live in Kahle's solution 
(Upton 1991) and dissections were carried out in 70% ethanol. Females used 
for dissection and electrophoresis had only their metasomas and wings fixed
in Kahle's solution and the remaining material was stored at -70 °C.
2.2.4 Dissection and colony data
The following variables were measured for each female adult: 
forewing length (measured from the axillary sclerites to the apex of the 
marginal cell, since wings of bees often wear or fray along their distal edges 
over the course of the brood-rearing season (Schwarz 1986)); lengths of the
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three largest oocytes (summed to produce a measure of ovary size); wing 
wear (total number of nicks observed on the distal edges of both forewings); 
and the presence of sperm in the spermatheca. Wing and ovary dimensions 
were measured from wet slide mounts using an eyepiece micrometer. Since 
wing length was strongly correlated with both inter-tegular width and head 
width (r = 0.853 and r = 0.942 respectively, d.f. = 30), it was used as a measure 
of body size. These data are presented in Appendix A.
The following variables were recorded for each nest: nest type 
('reused' if the nest had been used for brood rearing in the previous season, 
or 'new' if the nest had been newly-founded during the current season); nest 
length; the total number of brood cells; the number of immature bees at 
different developmental stages; the number of female and male adults; and 
the presence of other invertebrates. Appendices B and M contains these 
data.
Naturally occurring reused nests were easily distinguished from 
naturally occurring new nests by the presence of excavations made by 
previous generations and by rings of residual faecal matter, both of which 
were covered over by new cellophane-like lining. Reused nests had often 
been extended beyond the previous year's use, and these extensions were 
recognisable by their pristine condition (Michener 1960; Houston 1969).
2.2.5 Intra-colony relatedness
Relatedness among adult female nestmates of A. morosus was 
estimated using polymorphic enzyme loci as revealed by electrophoresis on
TM
Cellogel cellulose acetate gels. Adult females were frozen at -70 °C until 
electrophoretic assay. Homogenates of the head and thorax from each bee 
were prepared as outlined in Hurst et al. (1997) and electrophoretic 
techniques, including running and staining buffers, followed those described 
in Richardson et al. (1986). After several unsuccessful trials, however, it 
soon became apparent that there was likely to be a very limited number of 
polymorphic loci that could be used to estimate intra-colony relatedness, and 
that these loci could not readily be identified with available equipment.
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Consequently, the Evolutionary Biology Unit of the South Australian 
Museum (M. Adams, pers. comm.) was contracted to undertake the 
electrophoresis assays.
All assays used bees from nests collected in the Dandenong Ranges 
National Park on 20 November 1993 (late spring). A pilot study consisting of 
one individual from each of 20 nests was undertaken to identify allozyme 
markers suitable for the determination of intra-colony relatedness. All 
available females from multi-female nests (N = 22 colonies) were then 
screened for every enzyme locus displaying any allelic variation. A total of 
38 enzymes or non-enzymatic proteins were successfully assayed in the pilot 
study (refer Appendix C).
Intra-colony relatedness and inbreeding were estimated from 
polymorphic allozyme loci using Queller and Goodnight's 'Relate 4.2' 
program (Queller and Goodnight 1989). Colonies were weighted equally and 
relatedness and inbreeding estimates were jackknifed over colonies.
2.2.6 Statistical analyses
2.2.6.2 Techniques employed for specific data sets
Analyses of variance (ANOVA) and two-tailed t -tests were 
conducted where homoscedasticity and normally distributed errors occurred 
or could be achieved by transformation, and followed Sokal and Rolf (1995).
Analyses of frequency, binary and proportion data obtained to 
investigate the life cycle of A. morosus (i.e. samples from May 1992 to April 
1993) were analysed using Generalised Linear Modelling (GLM), and 
followed Aitkin et al. (1989) and Crawley (1993). Frequency data were 
assumed to approximate either a Poisson distribution, if the variance and 
mean were approximately equal, or a negative binomial distribution if the 
variance was larger than the mean (i.e. the data were over-dispersed). The 
ratio of the residual deviance of a fitted Poisson regression model to the 
residual degrees of freedom was used to assess whether the assumption of 
Poisson distributed data was correct. If not, a regression model assuming a
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negative binomial distribution was then fitted. The negative binomial 
model was chosen by successively re-fitting the model with different
parametric values of the model parameter, X, until the ratio of the residual 
deviance to the residual degrees of freedom converged on unity. Proportion 
data were analysed by logistic regression using GLM models for binomial 
distributed data. If over-dispersion was indicated when fitting a binomial 
model, then the algorithm described by Crawley (1993) was used to refit the 
binomial model and correct for the inflated variance.
Mixed linear models were used to analyse most variables obtained 
from the 15 January 1994 samples because of the highly unbalanced number 
of nests obtained from different treatments and replicate sites. These mixed 
models treated site and treefern as random factors and generally followed 
the procedures on mixed modelling given in Bennington and Thayne (1994) 
and Sokal and Rohlf (1995). Estimation of fixed effects was by weighted least 
squares algorithms following estimation of variance components (random 
effects) by Restricted or Residual Maximum Likelihood (REML) procedures 
(Dempster et al. 1984; Robinson 1991). Models were computed using the 
REML procedure in Genstat v 5.3 (Genstat 5 Committee 1993).
Logit transformations were applied to proportional data, where 
Pfrans. = ln((Pobs + 0-1) (1 ~ (Pobs + 0.1))), and a square-root transformation was
applied to count data, in order to make these data approximate a normal 
distribution before model fitting.
2.2.6.2 Model fitting, model checking, and post-hoc comparisons of levels of
significant terms
In all modelling procedures (ANOVA, GLM, and REML), models 
containing all fixed factors of interest were fitted first. Non-significant terms 
were progressively discarded, and backchecking was carried out to see 
whether discarded parameters proved to be significant in reduced models.
In addition, plots of standardised residuals against the explanatory and the 
fitted values were used to assess the adequacy of all models, including the 
simple regression models.
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In all GLM and REML procedures, post-hoc comparisons among 
levels of statistically significant terms were performed by examining 
whether predicted 95% confidence intervals overlapped. While a pair-wise 
comparison using predicted 95% confidence intervals is equivalent to using
a conservative test using an experiment-wide error rate of a  = 0.01 (Sokal 
and Rohlf 1995), the undertaking of multiple comparisons increases the risk 
of making Type I errors (Rice 1989), thereby making this procedure 
necessary.
In the ANOVA procedures, standard Scheffe's and Student- 
Neuman-Keuls post hoc comparisons among levels of significant factors 
were undertaken (Sokal and Rohlf 1995).
2.3 Results
2.3.1 N esting behaviour and lifecycle
C. australis sheds fronds in a 'skirt-like' pattern around each treefern, 
and it was these naturally-excised fronds that were occupied by A. morosus. 
C. australis were most common in open gully habitats or on montane slopes 
within an open understorey, and were rare in very moist or dense 
vegetation. Occupied fronds nearly always had the proximal end sloping 
upwards and were sheltered from rain and sun by either the tree fern canopy 
or overstory canopy. All nests consisted of a simple straight tunnel into the 
proximal end of the tree fern frond. The diameter of the tunnel ranged from 
5 mm to 9 mm (mean = 6.3 mm, n = 117). Entrances did not have any 
constriction or collar. During nest construction, the entire burrow is 
excavated first and then tunnel walls are coated with a membranous, 
waterproof secretion.
Nests of A. morosus were divided into a linear series of brood cells 
that start at the proximal end of the nest and finish at least 40 mm from the 
entrance. Brood cells are approximately 20 mm long and provisioned with a
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viscous mixture of pollen and nectar. The egg is laid on top of the 
provisions, and each brood cell is capped by cellophane-like material. Brood 
cells were either contiguous or separated by spaces. In the latter case, a plug 
of pith (3-5 mm thick) was applied to the distal end of the more proximal 
brood cell. This pith is excavated from the inside tunnel wall, thereby 
slightly enlarging the diameter of the tunnel wall distal to the pith plug and 
the cellophane-like lining is re-applied to the enlarged or 'scooped-out' area.
Tunnel lengths of nests varied greatly, especially among reused 
nests. The mean length of new nests (201 mm, s.e. = 9.0, n = 35) was 
significantly less than that of reused nests (243 mm, s.e. = 5.9, n = 82) (two- 
tailed t -test, t = 4.1, p < 0.001).
A. morosus had a univoltine lifecycle at the study sites (Fig. 2.1). 
Brood emerged as adults in late February (late summer). By this time the 
previous generation of adults were absent in nearly all nests. Parental- 
generation females that were still alive had very worn wings, their ovaries 
were dark and shrivelled, and their fat stores were largely depleted. Between 
late February and the middle of October (mid-spring), nests contained a 
mean of 2.3 females per nest, with a range of one to five. The average 
number of adult males per nest in late February was 1.5 (range of zero to 
seven) and males were not found in subsequent samples. All adult females 
collected after April had been inseminated.
Foundress dispersal from natal nests began in mid to late October 
(mid-spring) (Fig. 2.1). There was only one adult female per new nest (N =
83 nests) (Fig. 2.2). Most reused nests contained one adult female, but some 
reused nests containing either two or three bees were collected throughout 
this period (Fig. 2.2, Table 2.1).
The possible influence of body size on whether females tend to 
found new nests or reuse existing nests was examined by running a one-way 
ANOVA comparing mean wing lengths (an indicator of mean body size) in 
one-adult female new nests, one-adult female reused nests and two-adult
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female reused nests. Samples used were from the lifecycle study after 
foundress dispersal had been completed (November 1992 through January 
1993). Wing lengths in two-adult female reused nests were averaged over 
nestmates prior to analysis. The ANOVA detected no significant differences 
in wing length between the different nest types (F275 = 1.52, p = 0.225). It is 
possible that body sizes of nestmates in two-adult female reused nests are 
correlated; for example, females may choose to preferentially nest with 
similar sized females, or with much larger or smaller females. This 
possibility is explored below when the potential for division of labour 
between nestmates is assessed.
Cell construction and provisioning commenced in early November 
(mid-spring) (Fig. 2.1). Brood provisioning in new nests generally 
commenced later than in reused nests (Table 2.2). Brood production for both 
types of nest finished between late December and early January (mid­
summer). Average numbers of brood cells per adult female were higher in 
reused nests than new nests, and per capita cell construction was 
approximately the same in two-adult female and one-adult female reused 
nests (Table 2.2, Fig. 2.3).
2.3.2 Social behaviour
2.3.2.1 Frequency of cooperative nesting
About 23% of all inhabited nests were multi-female (Table 2.1). 
Although the incidence of three-adult female nests declined during brood 
rearing, there was no apparent decrease in the percentage of two-adult 
female nests. An excess of potentially suitable fronds for nesting, judged as 
suitable for nesting on the basis of their position and condition, was 
observed during all sampling periods. Furthermore, an average of only 20% 
(range = 11-30%) of the trap nests set at the eight sites sampled on 15 January 
1993 were occupied.
2.3.2.2 Per capita brood production
One possible benefit of both nest reuse and cooperative nesting is 
enhanced production of brood. The total number of brood cells per adult
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female (TNBCAF) was examined between three nest types (one-adult female 
new, one-adult female reused, and two-adult female reused) using three 
data sets. These sets were: (i) life cycle samples taken on 6 November 1992,
25 November 1992, 20 December 1992 and 8 January 1993 from the Black 
Range and Toolangi State Forests; (ii) the 20 November 1993 sample from 
Dandenong Ranges National Park; and (iii) samples taken from the eight 
sites on 15 January 1993 from the Black Range and Toolangi State Forests at 
the cessation of brood rearing. Three-adult female reused nests were 
omitted from all data sets because insufficient numbers were found for 
meaningful analyses. The first five data sets were analysed using 
Generalised Linear Modelling (GLM; Aitkin et al. 1989), and the latter set 
using Restricted Maximum Likelihood (REML) mixed models (Dempster et 
al. 1984; Robinson 1991) because of the highly unbalanced number of nests 
obtained from different treatments and replicate sites.
For the 6 November 1992 to 8 January 1993 samples, TNBCAF as a 
function of nest type and collection date was analysed assuming a Poisson 
data distribution. The interaction between nest type and collecting date was 
significant (change-in-deviance = 13, d.f. = 6, p = 0.043). For each collecting 
date, the different nest types did not differ significantly with respect to 
TNBCAF (Table 2.2). However, it should be noted that for all samples, mean 
TNBCAF showed the pattern of: one-adult female new nests < one-adult 
female reused nests < two-adult female reused nests. New nests tended to 
lag well behind reused nests in TNBCAF for the first two samples, however, 
this difference had reduced by late December and January (Table 2.2).
For the 20 November 1993 sample, the effect of nest type was 
significant (change-in-deviance = 32.94, d.f. = 2, p < 0.001). TNBCAF in one- 
adult female new nests was significantly lower than one-adult female and 
two-adult female reused nests, but the two latter nest types were not 
significantly different from each other (Table 2.2).
For the 15 January 1993 sample, the effect of nest type was significant 
(change-in-deviance = 57.24, d.f. = 2, p < 0.001). TNBCAF in one-adult
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female new nests was significantly lower than one-adult female and two- 
adult female reused nests. The latter two were not significantly different 
from each other (Fig. 2.3). It should be pointed out that the 15 January 1993 
sample was taken shortly before brood reached adult eclosion and that by 
this time, many reused nests which initially contained two adult females 
would have lost one of these. This would lead to obscuring of any 
differences in perceived brood production between one-adult female and 
two-adult female reused nests.
2.3.2.3 Brood survivorship
Brood maturation was nearly complete by mid-January (mid­
summer) (Fig. 2.1). Consequently, the presence of parasitised brood and the 
presence of brood cells that failed for other reasons could be measured at this 
time from the samples taken from the eight sites within the Black Range- 
Toolangi State Forests on 15 January 1993. The most common detected 
natural enemy of A. morosus was a species of Gasteruption (Hymenoptera: 
Gasteruptiidae), which parasitised brood. Each parasitised brood cell 
contained only one wasp. No other parasites were observed. Brood also 
failed to develop due to causes other than parasitisation. Though these 
causes could not be ascertained exactly, all such failed cells showed either 
solidified pollen/nectar mixture, fungal infection, 'mummified' brood or 
remnant pieces of brood. The latter type of cell may have resulted from 
attack by predatory ants (principally, Iridomyrmex spp. and Camponotus 
spp.) which were occasionally found in or around live nests of A. morosus, 
or by predatory crickets (Gryllacrididae) which were occasionally observed 
nesting in previously inhabited nests.
The proportion of parasitised brood per nest, and the total number of 
parasitised brood per nest in different nest types with at least one adult 
female present were compared in two separate REML mixed model analyses. 
Significant differences in the proportion of parasitised brood between nest 
types were found (change-in-deviance = 42.85, d.f. = 2, p < 0.001). Two-adult 
female reused nests had a significantly lower proportion of parasitised brood 
per nest than one-adult female reused nests, which in turn, had a
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significantly lower proportion of parasitised brood than one-adult female 
new nests (Fig. 2.4). No significant differences in the total number of 
parasitised brood per nest were detected between the different nest types 
(change-in-deviance = 1.03, d.f. = 2, p = 0.598).
The possible influence of nest type on whether or not a nest 
contained any parasitised brood was investigated next. These binary data 
were analysed using GLM modelling, making appropriate adjustments to 
the model to account for possible extra variation due to random site factors 
(Section 2.2.6.1). No significant differences were found between the different 
nest types (change-in-deviance = 0.27, d.f. =2, p = 0.533).
The proportion of non-parasitised failed brood cells per nest and the 
total number of non-parasitised failed brood cells per nest occurring in 
different nest types with at least one adult female were compared in two 
separate REML mixed model analyses. Significant differences in the 
proportion of non-parasitised failed cells per nest between nest types were 
found (change-in-deviance = 32.74, d.f. = 2, p < 0.001). Two-adult female 
reused nests had a significantly lower proportion of non-parasitised failed 
brood cells than one-adult female reused nests and one-adult female new 
nests, but one-adult female reused nests were not significantly different 
from one-adult female new nests (Fig. 2.5). No significant differences in the 
total number of non-parasitised failed brood cells per nest were found 
between the different nest types (change-in-deviance = 0.67, d.f. =2, p = 0.674).
Finally, the proportion of nests with one or more non-parasitised 
brood cells between different nest types was examined. These binary data 
were analysed using GLM modelling, making appropriate adjustments to 
the model to account for possible extra variation due to random site factors 
(Section 2.2.6.1). No significant differences were detected between the 
different nest types (change-in-deviance = 0.49, d.f. = 2, p = 0.976)
The above analyses suggest that the combined patterns of TNBCAF, 
the proportion of brood parasitised per nest, and the proportion of non-
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parasitised brood cells failing per nest could result in higher levels of 
reproductive success for two-adult female reused nests compared to one- 
adult female reused nests. They also suggest that reused nests have higher 
success than new nests. Consequently, the number of surviving brood per 
adult female (NSBAF) as a function of nest type was analysed using REML 
mixed models for the 15 January sample when brood had nearly completed 
development. REML analyses show that NSBAF differed significantly 
between nest types (change in deviance = 43.38, d.f. = 2, p < 0.001). NSBAF 
was significantly higher in reused nests than new nests, however, one- and 
two-adult female reused nests did not differ significantly (Fig. 2.6).
2.3.2.4 Division of labour
It was important to examine whether there is any evidence of 
reproductive division of labour among nestmates, given the persistent 
nature of multi-female colonies during brood rearing and the possibility that 
social interactions among nestmates involves more than just nest sharing.
In the following section, the distributions of ovary size (used as an indicator 
of reproductive status) and wing wear (used as an indicator of flight activity) 
within multifemale colonies were tested to assess whether unequal sharing 
of reproduction and/or foraging were occuring between nestmates.
Comparing ovary sizes and wing wear among nestmates in two- 
adult female reused nests was not straightforward, however, since both 
variables could be related to body size in two ways. First, ovary size and 
wing wear could be correlated to body size because of scaling effects. Second, 
body size may influence dominance, which in turn could influence ovary 
size and wing wear. Furthermore, it is possible that relationships among 
these variables could change over time as brood rearing progresses through 
the season. As a consequence, the following analytic strategy was adopted to 
disentangle these potential effects. Firstly, the possibility of scaling effects 
was examined by testing for a correlation between ovary size and body size 
using bees from only one-adult female reused nests. These analyses also 
incorporated collection date as a factor to see if such relationships might 
change over time. Ovary size was then rescaled to remove body size as a
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cofactor, and the effect of size rank (bigger or smaller bee in a multi-female 
nest) on rescaled ovary sizes among nestmates was investigated.
The effect of collection date (6 November, 25 November, 20 
December and 8 January) on ovary size was examined firstly using ANOVA 
to assess whether samples could be pooled over season. These ANOVAs 
were done separately for: bees from one-adult female nests; bees from one- 
adult female reused nests; smaller bees within two-adult female reused 
nests; and larger bees in two-adult female reused nests. Strong significant 
effects of collection date were recorded for each analysis (respective F-tests:
Fj26 = 8.41, F3 25 = 15.27, F315 = 6.89, F315 = 9.63; all p < 0.005). In each 
analysis, Scheffe's and Student-Neuman-Keuls post hoc comparisons (at the
a  = 0.05 level) (Sokal and Rohlf 1995) showed that the 8 January sample had 
significantly lower mean ovary size than each of the other samples. Since 
reproduction had largely ceased by January 8, this collection date was 
therefore omitted, and ovary size was regressed on wing length using bees 
from one-adult female reused nests and pooling over the first three 
collection dates. Linear regression of ovary size on body size showed that: 
ovary size = -70.6 + 26.62 x wing length, although this trend was not 
statistically significant (FU9 = 2.06, p = 0.167). A plot of the residuals against 
body size indicated that linear regression was appropriate.
Ovary sizes of the smaller and larger bees in two-adult female reused 
nest were then compared. Nestmates of equal body size (relative difference 
in wing length <0.1 pm) were omitted from the analysis. Ovary sizes were 
rescaled as: new ovary size = (observed ovary size) -s- (expected ovary size 
due to body size alone). ANOVA was then used to examine the effects of 
size rank (smaller or larger bee in a two-adult female reused nest) and 
collection date (6 November, 25 November, and 20 December) on rescaled 
ovary size. There was no significant interaction (F226 = 1-23, p = 0.309), nor 
any significant sample effect (F226 = 0.72, p = 0.497) or size rank effect (F126 = 
2.48, p = 0.128).
Wing wear among nestmates in two-adult female reused nests was
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also investigated in relation to body size, collection date, and size rank.
Since wing wear had a strongly zero-truncated distribution (i.e. was 
irretrievably non-normal), ANOVA could not be used. Consequently, the 
effects of body size and collection date on wing wear were investigated using 
GLM modelling. These analyses were performed separately for: (i) single 
female nests (one-adult female new nests and one-adult female reused nests 
combined); and (ii) two-adult female reused nests. Since significant over­
dispersion of data was indicated for each distribution, GLM models 
assuming a negative binomial distributions were fitted (Section 2.2.6.1). For 
single female nests, the three-way interaction between body size, collection 
date and nest type (new or reused) was not significant (change-in-deviance = 
2.81, d.f. = 3, p = 0.422), nor were any two-way interactions after this term was 
removed (largest change-in-deviance = 5.09, d.f. = 3, p = 0.165). Fitting only 
the additive model revealed that none of the individual factors had 
significant effects on wing wear (nest type had the largest effect; change-in­
deviance = 0.55, d.f. = 1, p = 0.459).
The effects of body size and collection date on wing wear in two- 
adult female reused nests were examined. Nestmates that were tied in wing 
length (relative difference <0.1 Jim) were omitted from the analyses, but an 
additional term was included to those above, viz. size rank (i.e. bigger or 
smaller bee in a nest). The three-way interaction was not significant 
(change-in-deviance = 1.07, d.f. = 3, p = 0.300), nor were any of the two-way 
interactions (largest change-in-deviance = 2.2, d.f. = 1, p = 0.138). Fitting only 
the additive model revealed that collection date, body size and size rank did 
not have a significant effect on wing wear (size rank had the largest effect; 
change-in-deviance = 2.75, d.f. = 1, p = 0.097).
A Monte Carlo simulation resampling procedure, based on one 
described in Sokal and Rohlf (1995), was used to investigate whether 
differences between nestmates in body size, ovary size and wing wear in 
two-adult female reused nests were larger than would be expected due to 
random variation alone. (Appendix D contains the computer simulation 
code.) This procedure was undertaken as follows. Firstly, the observed
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mean of the absolute differences in body size between cohabiting bees was 
calculated based on 19 two-adult female reused nests, pooled over the 6 
November, 25 November, 20 December and 8 January samples. These 38 
females were then pooled with the bees collected in one-adult female new 
nests and one-adult female reused nests on these collection dates. From this 
larger pool of bees, 19 pairs were drawn randomly without replacement and 
mean differences calculated. This re-sampling was done 10,000 times to 
establish a null distribution, and the proportion of this distribution with 
values greater than the observed mean difference was then calculated. The 
analysis of wing wear was done exactly the same way. The analysis of ovary 
sizes was also the same, except that it was restricted to the 6 November, 25 
November, 20 December samples (thus yielding a pool of 16 two-adult 
female reused nests) because females collected on 8 January had significantly 
lower ovary sizes than those collected earlier (refer to the above ANOVA of 
ovary size in relation to collection date). The results of these analyses 
indicate that for ovary size and wing wear, observed differences were not 
greater than that expected by chance alone (Table 2.3). For body size, 6.7% of 
the resampling distribution was greater than the observed mean difference 
(Table 2.3). While this result was not statistically significant, the possibility 
of there being over-dispersion in body size among nestmates cannot 
conclusively be ruled out.
In summary, the above analyses did not indicate any reproductive 
differentiation or differences in foraging effort between nestmates. 
Differences in body size among nestmates might be greater than expected, 
but relative body size of nestmates is not linked to either wing wear or ovary 
size.
2.3.2.5 Intra-colony relatedness
A total of 43 presumptive loci were screened for allozyme variation 
in the pilot study (refer Appendix C). A single locus was expressed for each 
enzyme with the exception of Alcohol dehydrogenase, Aspartate 
aminotransferase, and Phosphoglucomutase (2 loci each) and Esterase (3 
loci). Nine loci (Alcohol dehydrogenase- 2 loci, Guanine deaminase,
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Lactoylglutathione lyase, Glucose phosphate isomerase, Hydroxybutyrate 
dehydrogenase, Malic enzyme, Phosphoglycerate kinase and Sorbitol 
dehydrogenase) exhibited electrophoretic variation consistent with the 
existence of two or more co-dominant alleles at a single gene (i.e were 
polymorphic). However, examination of additional females from multi­
female nests revealed that only three of these loci were suitable for the 
determination of within-colony relatedness (i.e. the frequency of the most 
common allele was less than 0.9). The three informative loci were 
Hydroxybutyrate dehydrogenase (Hbdh) (5 alleles with frequencies 0.39, 0.30, 
0.28, 0.01, 0.01), Peptidase D (Pep-D) (3 alleles with frequencies 0.72, 0.27, 0.01) 
and Sorbitol dehydrogenase (Sordh) (2 alleles with frequencies 0.89, 0.11).
Genotype numbers for Hbdh could not be compared with Hardy- 
Weinberg expected frequencies because the numbers of observed and 
expected genotypes were too small for Chi-square analysis; however, all 
genotype numbers were very close to expected (maximum difference of four 
counts). Genotype numbers for Pep-D and Sordh were extremely close to 
Hardy-Weinberg expected frequencies (maximum difference of one count 
for any one genotype).
Intracolony relatedness and inbreeding were estimated from the 
allozyme data for 46 adult females from 22 colonies containing either two or 
three females each. Intra-colony relatedness was jackknifed over both 
colonies and loci. The results are summarised in Table 2.4 and the 
jackknifed estimate indicates that relatedness was quite low (r = 0.26 ± 0.06 
s.e.). The inbreeding coefficient of individuals within the sub-population 
(F ) was also estimated by jackknifing over colonies and was not
significantly different from zero (F = -0.128 ± 0.08 s.e., d.f. = 45, p > 0.05; Table 
2.4).
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Table 2.1 Percentages of single female and multi-female nests of A. morosus 
sampled during brood production and the end of brood production, shown for 
different collection dates. Key: New: Newly-founded.
C ollection date one-adult
fem ale
new
nests
one-adult
fem ale
reused
nests
two-adult
fem ale
reused
nests
three-adult
fem ale
reused
nests
num ber
of
nests w ith  
> one 
adult
6 N ovem ber 1992 23.1 46.2 19.2 11.5 26
25 N ovem ber 1992 45.5 22.7 27.2 4.6 22
20 D ecem ber 1992 45.0 35.0 20.0 0.0 20
8 January 1993
(all four samples 
above comprise 
data set i)
29.4 47.1 23.5 0.0 17
20 N ovem ber 1993
(comprises data 
set ii)
30.4 33.9 35.7 0.0 56
15 January 1993
(comprises data 
set iii)
28.7 53.2 18.1 0.0 188
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Table 2.2 Observed mean total number of brood cells per adult female 
(TNBCAF) of A. morosus (± 95% confidence intervals), shown in relation to 
different nest types and collection dates. Key: New: Newly-founded.
Data sets and nest types lower 95% mean upper 95%
confidence confidence
interval interval
(i) Four collection dates
6 November 1992
one-adult female new -0.26 0.17 0.60
one-adult female reused -0.16 0.50 1.14
two-adult female reused -0.58 0.50 1.58
25 November 1992
one-adult female new -0.05 0.30 0.65
one-adult female reused 1.20 2.58 3.97
two-adult female reused 1.20 2.58 4.00
20 December 1992
one-adult female new 1.21 2.11 3.00
one-adult female reused 1.01 2.29 3.56
two-adult female reused 1.50 4.13 6.75
8 January 1993
one-adult female new 0.45 1.63 2.80
one-adult female reused 2.06 3.94 5.82
two-adult female reused 1.86 3.70 5.53
(ii) 20 November 1993
one-adult female new 0.21 0.53 0.85
one-adult female reused 1.34 2.37 3.40
two-adult female reused 2.19 2.80 3.41
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Table 2.3 Results of Monte Carlo simulation analyses for multi-female nests 
of A. morosus undertaken as follows. Firstly, the means of the observed 
absolute differences between nestmates in: (i) body size (wing lengths), (ii) 
wing wear, and (iii) ovary sizes were calculated using a sample of two-adult 
female reused nests. Secondly, each of these means was compared with a mean 
of absolute differences that had been calculated by using a sample of bee pairs 
drawn randomly without replacement from a large pool comprising bees from 
all nests combined (i.e. one-adult female new, and one- and two-adult female 
reused nests). Thirdly, 10 000 such re-samplings and comparisons were 
performed for each variable. Lastly, the proportion of times the simulated 
mean difference exceeded the observed mean difference was calculated for each 
variable.
Variable Observed mean 
absolute difference 
between nestmates
Prob, (calculated mean absolute 
difference between nestmates > 
observed mean absolute 
difference)
Wing length 0.57 0.067
Wing wear 2.94 0.328
Ovary sizes 39.38 0.456
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Table 2..4 Estimates of intra-colony relatedness (r) and the inbreeding 
coefficient of individuals within the sub-population in A. morosus (F ). Colonies
contained either two (n = 20) or three (n = 2) adult females per nest.
Locus Relatedness
(r)
Standard 
error of r
Inbreeding
«y
Standard 
error of F.
i t
Hbdh 0.184 0.178 -0.211 0.100
Pep-D 0.309 0.181 -0.076 0.132
Sordh 0.380 0.200 0.046 0.159
Combined
estimate
Standard error 
jackknifed 
over colonies
0.262
0.091
-0.128
0.089
Standard error 
jackknifed 
over loci
0.064 0.080
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Newly-founded nests
Reused nests
mid-Janmid-Oct mid-Nov mid-Dec
Collection date
FIGURE 2.2 Observed mean (± range) number of adult females 
per nest of A. morosus during and at the end of brood production, 
shown in relation to nest type.
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2.4 Discussion
2.4.1 Lifecycle and social behaviour
This study is the first to show that social nesting or cooperative nest 
use is common in a species of the bee family Colletidae, based on reasonably 
large sample sizes. The population of A. morosus examined here was 
univoltine- founding of new nests occurred in mid-spring and brood 
production finished by mid-summer. All newly-founded (new) nests had 
only one female adult. However, approximately 23% of all nests during 
brood production were multi-female nests and about 5% contained three 
females. All adult females had enlarged ovaries and were mated during 
brood production, indicating that each was a potential egg-layer.
Availability of suitable nesting substrates did not appear to constrain 
independent nesting. These multi-female colonies could not therefore be 
interpreted simply as pre-reproductive assemblages or temporary 
associations (cf. Michener 1960; Houston 1969). There was no evidence that 
nestmates in multi-female nests exhibit differentiation in either wing wear 
or ovary size above what would be expected from random variation (Table 
2.3). There was also no indication that differences in these two variables 
among nestmates was linked to relative body size or size rank.
A. morosus provisions a linear series of brood cells in an 
unbranched nest and this means that only one cell can be provisioned at a 
time followed by one egg. This raises important questions about how egg- 
laying and provisioning activities are shared and coordinated among 
nestmates. In the following sections, the possible kinds of selective factors 
that may be maintaining social nesting in this bee are discussed. The 
difficulties posed by linear provisioning of brood cells for social nesting in A. 
morosus are also examined.
2.4.2 Possible factors maintaining social nesting
Several studies have examined per capita brood production as a 
function of colony size in bees. Some results have either been equivocal or 
have shown reduced per capita productivity in multi-female versus single
50
female nests (e.g. Litte 1997; Richards and Packer 1998), while others have 
shown substantial increases in per capita productivity, at least in two and 
three female nests (e.g. Sakagami and Maeta 1984; Stark 1992; Schwarz et al. 
1998). One-adult female new nests, one-adult female reused nests and two- 
adult female reused nests of A. morosus were compared in terms of per 
capita cell production and brood mortality rates. Brood production in one- 
adult new nests lagged significantly behind both one- and two-adult female 
reused nests throughout spring and summer (Table 2.2; Figs 2.3, 2.6). There 
were no statistically significant differences in per capita cell production 
between one-adult female reused and two-adult female reused nests (Table 
2.2; Figs 2.3, 2.6), although it is possible that mortality of one female in nests 
initially comprising two females may have obscured such differences.
Gasteruption sp. was a brood parasitoid of A. morosus, reflecting 
previous observations (Houston 1969). No other parasites were detected.
The proportion of parasitised brood per nest differed significantly between 
nest types in the following order: two-adult female reused nests < one-adult 
female reused nests < one-adult female new nests (Fig. 2.4), suggesting that 
both nest reuse and social nesting decrease parasitisation rates. Rates of 
brood cell failure for other, non-specific, reasons (non-parasitised failed 
brood cells) differed significantly between nest types in the following order: 
two-adult female reused nests < one-adult female reused nests = one-adult 
female new nests (Fig. 2.5). Although the mechanisms underlying such 
benefits are not known, it should be noted that neither the total number of 
parasitised brood per nest nor the total number of non-parasitised failed 
brood cells per nest were statistically different between the three nest types. 
Thus, for example, if the risk of a cell being parasitised is only a function of 
time such that the probability that a parasite visits a nest at any one time is 
approximately constant, then greater rates of cell provisioning could lead to 
lower proportions of cell parasitisation. Hence, increased cell completion 
rates by A. morosus might actually have the effect of decreasing the 
likelihood that any one particular cell is exposed to a parasite visit.
Tepedino and Parker (1984) postulated that since Hoplitis fulgida, a 
xylophilous bee that also provisions cells linearly, does not actively deter
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different parasitoid species from entering the nest, the most effective anti- 
parasitoid adaptation for this species would be to simply reproduce as 
quickly as possible, thereby reducing the probability of individual cells being 
attacked. Since the total number of brood parasitised by Gasteruption sp. in 
single and multi-female nests of A. morosus were similar, this suggests that 
the species does not actively guard against parasitoid attack either. Direct 
observations of interactions between adults of A. morosus and Gasteruption 
at nest entrances and if possible, within nests, are needed to assess this 
hypothesis.
Average relatedness between nestmates of A. morosus was quite low 
(r = 0.26 ± 0.06 s.e.) (Table 2.4), compared to that expected for full-sisters, in 
which case their relatedness would equal 0.75 (Crozier and Pamilo 1996).
The consequences of this low average relatedness between nestmates for 
social nesting in A. morosus are clear. This low value means that the 
average genetic relatedness between an adult female and the offspring of her 
nestmate(s) is likely to be very small (approx. 0.13). Such a low mean level 
of relatedness suggests that colonies contain only distantly related females or 
frequently unrelated females. Combined with the lack of evidence for large 
increases in per capita output, these data strongly suggest that indirect fitness 
benefits are not a major factor influencing cooperative nest use in A. 
morosus (cf. Hamilton 1964 a,b). Alternative mechanisms that may explain 
nest sharing are now discussed.
The present study showed that successful rearing of brood by A. 
morosus is greater in reused nests than new nests. This difference could be 
due to several factors, notably earlier onset of egg-laying, avoidance of costs 
associated with having to find a suitable nesting site and then construct a 
nest, or lowering the proportion of parasitised cells via increased cell 
provisioning rates. The lack of evidence for benefits of nest sharing in two- 
adult female reused nests compared to one-adult female reused nests 
suggests, however, that nest sharing is promoted by the benefits of reusing a 
previous nest, rather than cooperative nesting per se. This hypothesis is 
supported by the following: (i) there was no evidence that nest sharing in
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reused nests reduces per capita cell production; and (ii) nest sharing in new 
nests was never observed. This lack of cofounding is unlikely to be due to 
kinship factors since relatedness in reused nests is so low.
2.4.3 Consequences of linear provisioning of brood cells for
maintenance of social nesting
Cooperative nest use has been found in another hylaeine bee,
Hylaeus tricolor (Sakagami and Zucchi 1978). It has also been reported for 
communal nesting bees that mass provision their brood, including several 
halictine, nomiine and megachilid species (Abrams and Eickwort 1981; 
Michener 1974; Litte 1977; Sakagami and Maeta 1984, 1987; Hogendoorn and 
Velthuis 1993; Kukuk and Sage 1994; Garofalo et al. 1992; Wcislo 1993; Neff 
and Danforth 1991; Danforth et al. 1996; Paxton et al 1996). In all of these 
species, nest architecture involves branching tunnels or galleries. Such 
architecture creates opportunities for females to independently provision 
brood cells at the same time, which is typical of communal nesting bees 
(Michner 1974, Wcislo and Danforth 1997). If the benefits of reusing a nest 
in A. morosus are equitably shared among nestmates, then mutualism may 
be sufficient to explain why social nesting occurs in the species. However, 
nests of A. morosus consist of a single unbranched tunnel, so that only one 
cell can be provisioned at a time. Since all females comprising multi-female 
nests are potentially reproductive (mated with mature ovaries), it would 
therefore seem likely that some conflict over foraging effort and oviposition 
would arise in such nests.
'Optimal' and 'Incomplete Control' Reproductive Skew theories 
(reviews and models in Vehrencamp 1983a,b; Reeve and Keller 1995; Reeve 
et al. 1998) provide selective mechanisms that can explain how reproduction 
is apportioned among group members. Even when relatedness among 
nestmates is low or zero, strategies that allow unequal sharing of 
reproduction may be selectively maintained if the benefits of being a 
subordinate individual outweigh the success that can be expected from 
nesting independently. Interestingly, the coincidence of low relatedness and 
apparent low skew (judging from ovarian index) is expected on the basis of
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optimal skew theory (Reeve et al. 1998). However, these models cannot be 
addressed in any more detail because measures of actual reproductive skew 
are lacking from the present study (although there is no evidence of 
reproductive differentiation, this does not necessarily imply a lack of skew). 
Nevertheless, the data from this study on A. morosus indicate: (i) the level 
of relatedness among nestmates is low such that indirect fitness components 
are probably relatively unimportant; and (ii) the benefits of nest sharing 
appear to be due to co-occupying a reused nest, rather than benefits of 
cooperation iper se.
The question therefore arises, why should females tolerate 
nestmates if there is a risk of cheating or unequal reproductive output? Two 
possibilities arise. One, mechanisms occur that allow females to share 
reproduction equitably. Two, reproductive skew does occur but staying 
incentives (Reeve and Ratnieks 1993) offered by a dominant female make it 
preferable for a subordinate to remain and accept a lower share of 
reproduction than to undergo the costs of dispersal. The first possibility 
seems unlikely given the observations of nestmate oophagy in other social 
linear provisioning bees (Stark et al. 1990; Maeta and Sakagami 1995; 
Hogendoorn 1996). The second possibility is very interesting because, unlike 
most social bees, the operation of staying and peace incentives is unlikely to 
be much affected by indirect fitness consequences.
Further research is required to ascertain whether reproductive skew 
does actually arise in A. morosus, through the use of DNA fingerprinting 
(Mueller et al. 1994; Danforth et al. 1996) or microsatellite DNA techniques 
(Queller et al. 1993; Paxton et al. 1996) to determine precise maternity 
relationships. Direct observations of whether agonistic or cooperative 
interactions occur during cell production and oviposition are also needed to 
assess reproductive skew. Additionally, these genetic data together with data 
collected using similar genetic methods on the average relatedness of 
nestmates before mating occurs, prior to spring dispersal, as well during 
brood rearing, will help resolve the possible mechanisms behind the low 
average relatedness of nestmates within the species (refer above).
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2.4.4 Implications for subtropical populations of A. morosus
Although the population of A. morosus studied here was
univoltine, subtropical populations have potentially more than one 
generation per year (Houston 1969). Since many females in this study were 
found to survive for up to one year after adult eclosion, it is likely that in 
bivoltine or multivoltine populations there are opportunities for matrifilial 
societies during reproductive phases. This would create opportunities for 
m other-daughter nest sharing, in which case opportunities for sib-rearing 
might arise.
2.4.5 Summary and conclusions
This study has dem onstrated that A. morosus has a univoltine 
lifecycle in temperate, eucalypt forests of the Central Highlands of Victoria, 
and that the occurrence of multi-female nesting in A. morosus during the 
brood rearing phase of its lifecycle is a common phenomenon in these 
forests. This study is also the first report of social nesting in any colletid bee 
that is supported by fairly extensive data.
The mechanisms prom oting social nesting in A. morosus, while not 
specifically known at this stage, appear to be the result of reusing a nest, 
rather than the result of cooperative interactions among nestmates. Several 
lines of evidence support this hypothesis. One- and two-adult female reused 
nests were similar in terms of per capita brood production (though overall 
differences may have been obscured by late season mortality among adults 
females) and total brood mortality. However, new nests tended to lag 
behind reused nests in commencing brood production, possibly because 
comparatively more time is needed by a bee to construct and line the walls 
of a new nest from scratch rather than merely extend and reline a pre­
existing nest. Parenthetically, whether bees in multi-female reused nests 
further reduce their nest construction times by actively cooperating in nest 
building and cell lining is an interesting question for further research. A 
further advantage to nest reuse may be that since the total numbers of brood 
produced in reused nests are higher than in new nests, the probability of a
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particular brood cell being parasitised is reduced in the former. Since 
average relatedness between nestmates was low, the role of kin selection in 
promoting cooperative nesting would appear to be minor. Finally, since the 
availability of suitable nesting sites did not appear to be constrained, it 
appears that this factor only played a minor role in influencing multi-female 
nest reuse in A. morosus in the present study.
Due to the linear cell provisioning habit of A. morosus and the 
opportunities this behaviour presents for intra-nidal oophagy, for example, 
it is unlikely that nestmates in multi-female nests share reproduction 
equally. While data on relative ovary sizes, body sizes and wing wear of bees 
within multi-female nests do not support the hypothesis of differential 
reproductive output between nestmates, only direct estimates of potential 
parent-brood relationships within nests using DNA techniques will provide 
the necessary data to quantitatively assess relative outputs between 
nestmates. Further direct assessments of within-nest behaviours in A. 
morosus are required to help predict the following: (i) under what 
circumstances is it more beneficial for a bee to stay and share a nest, than 
found a new nest solitarily?; and (ii) when are the costs of possible foregone 
reproduction incurred by a bee while sharing a nest less than the costs of a 
possible delay to brood rearing if that bee were to found a new nest?
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CHAPTER 3
Assessment of exploitative 
floral resource competition between 
A. morosus and introduced honey bees
3.1 Introduction
Within a particular habitat, different species of bee often use the 
same resource (pollen, nectar, floral oils and so on). Should the resource 
become insufficiently abundant to fulfil the ecological requirements of all 
species involved, it becomes limiting, and the distribution and abundance of 
orte or more of the species may be reduced or excluded through competition. 
The greater the habitat overlap among species in their ecological 
requirements, the more intensely they are expected to compete (Roubik 
1989,1996a,b; Thorp 1996).
Interspecific competition is generally categorised as being either 
exploitative or interference competition (Keddy 1989). Exploitative 
interspecific competition is an indirect interaction whereby the reduction of 
a resource by one or more species results in fewer resources being available 
to one or more other species using that resource, with negative 
consequences for the fecundity and survival of the species that garner 
comparatively fewer resources. On the other hand, interference interspecific 
competition is a direct contest between different species sharing a common 
resource, with negative consequences for the fecundity and survival of the 
less competitive species.
Interspecific competition among bees has been exceedingly difficult 
to demonstrate. Key factors that need to be demonstrated are reductions in 
fecundity and survival in part or all of the fundamental niche of one species 
due to competition for a limited resource by another species, but this is not
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entirely straightforward for several reasons. One, it is often difficult to 
directly obtain meaningful estimates of resource levels in the field as 
different bee species use different resources depending on several abiotic and 
biotic factors operating at the time of foraging (Paton 1993, 1996; Sugden et al. 
1996; Butz-Huryn 1997). Two, competitive interactions between bee species 
with overlapping niche requirements are likely to be indirect (i.e. mediated 
through exploitative competition) and therefore subtle to detect. This is 
because the respective fecundity and survival rates of competing species are 
often independently affected by diverse range of ecological factors such as 
heterogeneity in resource levels and weather condtions, predation and 
parasitisation (Keddy 1989; Barbault and Sastrapradja 1995). While direct 
interference between bee species at resources (e.g. flowers) has been observed 
in some studies (Sakagami and de Camargo 1964; Gross and Mackay 1998; 
but see Schaffer et al. 1983; Moritz and Southwick 1992), none of the studies 
reporting inter-specific interference have demonstrated a resultant impact 
on the reproduction of the bee species involved. Three, the conditions 
under which a resource becomes limiting may be unpredictable and occur 
only seldomly over ecological time. Interspecific competition leading to 
impacts on the demographic performance of competing species may 
therefore be observable only during these transitory periods. For species 
sharing resources within the same habitat, these periods are critical for 
determining their long-term coexistence or niche exclusion (Wiens 1977; 
Thorp 1996). Hence, long-term or multi-generational studies that attempt 
via experimentation to disentangle the effects of resource variation and 
other ecological factors from putative competitive interactions on fecundity 
and survival appear to be the most appropriate for studying resource 
competition between bee species.
Numerous studies of honey bee-native bee competitive interactions 
have been undertaken, though the vast majority of such studies have taken 
place on continents other than Australia. Overall, studies have examined 
potential resource competition between (i) the European honey bee (Apis 
mellifera) and native bees in Australian habitats (Pyke and Balzer 1985; 
Sugden and Pyke 1991; Paton 1995; Gross and Mackay 1998; Schwarz et al. in
59
press) and in North American habitats (Schaffer et al. 1979, 1983; Ginsberg 
1980; Tepedino and Stanton 1981; Wenner and Thorp 1994; Thorp et al. 1994; 
Thorp 1996); and (ii) Africanised honey bees (A. mellifera scutella) and 
native bees in Neotropical habitats (Roubik 1978, 1980, 1983; Roubik and 
Buchmann 1984; Posey and de Camargo 1985; Roubik et al. 1986; Roubik 
1989, 1996a,b; de Menezes Pedro and de Camargo 1991; Aizen and Feisenger 
1994; Wilms et al. 1996). However, these reports are either not relevant to 
Australian conditions or to this particular study, or can be criticised, both in 
terms of experimental design and/or interpretation of results. Furthermore, 
some of these reports indicate that the studied interaction between potential 
competitors has produced anomalous results, which require further 
clarification. These issues are now examined in detail under four general 
points.
3.1.1 Applicability of overseas studies
Previous studies of honey bee-native bee competition conducted on 
other continents may not be applicable to Australian ecological 
communities. Roubik and collaborators (e.g. Roubik 1989 1996a,b) have 
monitored the initial spread of Africanised honey bees into new habitats 
and reported changes in the abundance of indigenous bee species over time. 
These and other studies of Africanised honey bee impacts have been 
performed in tropical and sub-tropical regions within Southern and Central 
America where native bee assemblages are dominated by social meliponine 
(Apidae: Meliponinae) species (e.g. Trigona spp. and Melipona spp.; Roubik 
1989 1996a,b; Wilms et al. 1996). The North American habitat studies (e.g. 
Schaeffer et al. 1979, 1983; Wenner and Thorp 1994) have involved 
examining the impacts of introduced European honey bees on the 
demographic performance of various native species. The North American 
bee fauna includes Bombus spp. (Apidae: Bombinae)- a primitively 
eusocial species that is comparatively common in North America 
(Michener 1979). By contrast, the native bee fauna in southern temperate 
environments of Australia have evolved in the absence of honey bees, 
stingless honey bees and bumble bees (Michener 1979). These groups are 
likely to exert very different competitive pressures from other bee groups
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because of their generally high level of social organisation. The only highly 
eusocial Australian native bee genus, Trigona, which has colony sizes of the 
order of several thousands of individuals, is common in tropical northern 
Australia but does not extend to southern and temperate regions of 
Australia (Heard 1988; Cardale 1993). In these southern regions native bee 
species are at most primatively eusocial (sensu Michener 1974) (e.g.
Exoneura spp. Apidae: Xylocopinae; Schwarz et al. 1998)). More frequently, 
however, most Australian bee species nest either solitarily, or share nests in 
small groups comprising only a few adult females at most (Cardale 1993). 
This is well-illustrated by Amphylaeus morosus (Colletidae: Hylaeinae) 
(refer Chapter 2) and other colletid bees which comprise over 75% of total 
bee species in Australia (Michener 1960, 1965; Houston 1969, 1975, 1981; 
Cardale 1993).
A further contrast between studies undertaken in the habitats of the 
Americas and those of Australia is that Australian eucalypt forests and 
woodlands, which occur over 70% of the continent (Commonwealth of 
Australia 1997a), are floristically very different. The canopy vegetation in 
such forests are dominated by Eucalyptus spp. (Myrtaceae), while many 
other Myrtaceae (e.g. Leptospermum spp., Melaleuca spp., Callistemon spp.) 
can be common as lower and mid-storey shrubs. Individual eucalypt species 
have characteristic flowering seasons, although flowering frequency, timing 
and intensity may vary considerably between species, years and even 
populations occupying the same region. In many species, for instance, bud 
initiation occurs annually but successful flowering is less regular, depending 
on a complex of environmental factors operating at bud formation and 
during the season (Beardsell et al. 1993; House 1997). When flowering does 
occur in some eucalypt species, it may take the form of a mass flowering 
episode (Beardsell et al. 1993; House 1997). In certain eucalypt species that 
are attractive to honey bees, these episodes are often referred to as a 'nectar 
flow' or 'honey flow' by migratory beekeepers who track these episodes as 
part of their activities (Paton 1996; Gibbs and Muirhead 1998). Another 
point of contrast is that myrtaceous flowers generally present nectar in 
shallow cup-like receptacles (Beardsell et al. 1993; House 1997). Presumably,
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these receptacles are more easily accessible to short-tongued bees which, 
according to Michener (1965, 1979), may have been an important factor in 
promoting the extensive radiation and relative dominance of the short- 
tongued colletid bees in Australia, compared with other continents.
3.1.2 Experimental design and interpretation of past studies
The experimental designs and/or interpretations of results of some 
past studies of honey bee-native bee competitive interactions may be 
deficient. Pyke and Balzer (1985) studied possible effects on native bee 
diversity by introduced honey bees in a heathland area of southern New 
South Wales by sweep netting native bees in 'honey bee-rich' and 'honey 
bee-poor' sites. As study of Pyke and Balzer (1985) illustrates, however, the 
results of a community-based approach to studying honey bee-native 
interactions may be difficult to interpret, mainly because the response 
variable (in this case, relative densities of native bee foragers) is at least one 
step removed from the interaction. That is, if honey bees and native bees 
are competing for floral resources, then their interaction should result in a 
reduction in the fecundity and/or survival of the native bees, but will not 
necessarily manifest itself in an immediate change in the population level 
of the native bees. This is because the population of an animal species that 
is sampled at a specific time and place can be attributable to changes in 
movement processes (e.g. migration, foraging) as well as changes in 
fecundity and mortality (Barbault and Sastrapradja 1995). So, although Pyke 
and Balzer (1985) sampled fewer native bee foragers in honey bee-rich sites, 
it is possible that this may have had nothing to do with the presence of 
honey bees in these sites, since it is plausible that if native bees and honey 
bees were competing for food resources, then native bees would have had to 
have a spent longer period away from the nest foraging. As a consequence, 
if native bees and honey bees were competing as postulated by Pyke and 
Balzer (1985), then their sampling efforts should have actually yielded 
higher densities of native bees (Paton 1993).
The study of Schaeffer et al. (1979) provides another example of the 
interpretational difficulties associated with a community-based approach to
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studying honey bee-native interactions. This study was carried out at 
m oderately high elevations in semi-arid areas of Arizona where the non- 
Apis bee fauna was dom inated by Bombus spp. and Xylocopa spp. In areas 
where honey bee densities were artificially enhanced, they found that the 
foraging behaviour of non-Apis species was altered and the presence of 
native bee species on flowers was reduced. However, this interpretation 
may not constitute a proper assessment of honey bee impacts on non-Apis 
fauna because changes to the actual fitness of the native species (e.g. number 
of brood produced, adult survivorship) were never measured. As 
illustrated above with the study of Pyke and Balzer (1985), measurement of 
fitness is im portant because a change in behaviour does not necessarily lead 
to an appreciable change in fitness. Native species could have compensated 
for a reduction in preferred resources due to exploitative competition with 
honey bees by either spending more time foraging an d /o r switching to other 
plants, thereby retaining a sufficient intake of resources. In general, 
therefore, clearer results are obtained from studies that examine changes in 
colony fitness of native bees in areas with and without honey bees. This has 
been attem pted, for example, by Roubik et al. (1986), Sugden and Pyke (1991), 
W enner and Thorp (1994) and Schwarz et al. (in press).
It should be noted, however, that there may be problems associated 
with the design of the first three studies. Sugden and Pyke (1991) in their 
study of competition between honey bees and the native allodapine bee 
Exoneura asimilima (Apidae: Xylocopinae) in coastal heathlands of 
southern New South Wales may have confounded their results by 
term inating their experiment well after the time of brood m aturation 
during the period w hen adult females normally disperse from nests to 
cofound w ith other females as has been demonstrated in other Exoneura 
spp. (Schwarz et al. 1998). This process may have led Sugden and Pyke 
(1991) to incorrectly infer that reduced numbers of E. assimilima at their 
sites were attributable to honey bee effects, rather than being associated with 
typical dispersal behaviours. Sugden and Pyke (1991) also used an 
unbalanced experimental design in that there were four sites w ithout honey 
bees but only one site with honey bees present.
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Roubik et al. (1986) set up one experimental site in which they 
observed changes in the colony performance of native Melipona spp. before 
and after Africanised honey bees colonised an area in lowland forests of 
Panama. Unfortunately, while this study undertook detailed behavioural 
observations, the lack of treatment replication (in which, say, Melipona spp. 
colonies were examined in a few different sites within the same region) 
makes it difficult to infer to what extent any potential interactions between 
Africanised honey bees and Melipona spp. may or may not have been the 
result of particular environmental conditions (e.g. floral abundances, and 
weather) that were prevailing at their experimental site.
Finally, Wenner and Thorp (1994) conducted an experiment on 
Santa Cruz Island off California, in which they sampled densities of native 
bees and feral European honey bees and observed their plant use for three 
years, eliminated most honey bee colonies during the fourth year, and then 
sampled native bee and honey bee densities and observed their plant 
visitations for a further three years. While their data show that native bee 
densities have been rebounding following the release of competition from 
the honey bees, it is confounded with changes in annual weather conditions 
during the experiment. Specifically, the first seven years of the experiment 
were conducted during a severe El-Nino-triggered drought, during which 
floral bloom production was markedly reduced. In fact, no blooms were 
observed in the fifth year. The drought broke during the final year of 
observations (Wenner and Thorp, 1994). Unfortunately, there is no 
indication from Wenner and Thorp (1994) of how native bee densities 
fluctuated in 'honey bee-free' versus control areas. Since a reduction in 
honey bee densities and an increase in rainfall levels coincided to a great 
extent, it is therefore difficult to ascertain to what extent the resurgence in 
native bees may be accounted by changes in honey bee densities or merely 
changes in rainfall levels. These three studies underscore the importance of 
having properly replicated experiments in which native bees are subjected 
to measurable honey bee treatments.
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3.1.3 Previous studies have yielded anomalous results
The competitive effects reported by some previous studies have 
been inconsistent with the hypothesis that honey bees negatively impact 
upon native bees. Schwarz et al. (in press) found that brood production in 
the native allodapine bees Exoneura nigrescens and E. nigrihirta (Apidae: 
Xylocopinae) in coastal heathlands of south-west Victoria was not 
statistically different in sites with honey bees (experimental sites) than 
without honey bees (control sites). Furthermore, the survival of colonies of 
E. nigrescens were significantly greater in experimental sites than control 
sites. Schwarz et. al. (in press) suggest that this apparently anomalous result 
may be due to general predators of E. nigrescens and honey bees (e.g. ants 
and birds) being swamped in experimental sites, thereby effectively reducing 
predation pressure on E. nigrescens at these sites. Several other studies 
have hypothesised that the lack of any detectable competitive interaction 
between potentially competing species of bee, may also be due to the spatio- 
temporal unpredictability of floral resources, which effectively mediates that 
interaction through its independent effect on the fitness of individual 
species (Tepedino and Stanton 1981; Sugden et al. 1996; Thorp 1996).
3.1.4 Applicability of past Australian studies
Past studies of honey bee-native bee floral resource competition in 
Australia have focussed either on the demographic performance of 
Exoneura spp. (Sugden and Pyke 1991; Schwarz et al. in press), changes in 
the overall diversity of native bees in the field (Pyke and Balzer 1985; Paton 
1995), or honey bee-native bee interactions at flowers (Gross and Mackay 
1998). However, results from these studies are difficult to extrapolate to 
form a -priori assessments of how the conservation of A. morosus, and other 
Australian hylaeine bees, might be affected by the presence of honey bees. 
Firstly, the studies of Gross and Mackay (1998) and Paton (1995) did not 
feature hylaeine bees. Secondly, while the study of Pyke and Balzer (1985) 
included hylaeine species in some samples, it did not examine how honey 
bees might have affected the fitness of individual hylaeine species, thus 
making it difficult to make any predictions about the possible consequences 
for populations of these native bees.
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Finally, available evidence suggests that Exoneura are markedly 
different to A. morosus, especially in terms of aspects of their morphology 
and social behaviour that are relevant to competitive ability. These 
differences are illustrated under two points.
1. Previous work suggests that hylaeines, including A. morosus, nest 
either solitarily or as pre-reproductive assemblages (Michener 1960; Houston 
1969, 1975; Cardale 1993), although the previous chapter demonstrated that 
A. morosus frequently displays cooperative nest use during brood-rearing in 
montane, temperate habitats. That is, A. morosus founds new nests 
solitarily but often forms multi-female nests typically comprising two adult 
females during brood production (Chapter 2). The nesting behaviour of A. 
morosus, in particular its very small colony size and the indicative lack of 
task specialisation within colonies (i.e separate forager and egg-layer roles 
within multi-female nests; refer Chapter 2), may increase its vulnerability to 
exploitative resource competition with honey bees. For example, if the 
durations and frequencies of foraging trips by adults of A. morosus increase 
during times of low resource availability, perhaps induced through resource 
competition with honeybees, then this situation may expose the brood 
remaining within nests to a greater risk of attack by predators and 
parasitoids. By contrast, Exoneura spp. are examples of native bee species 
that may not be as vulnerable to resource competition with honey bees since 
many of these species are primatively eusocial- they frequently form 
colonies comprising up to five or more adult females and display some task 
specialisation among nestmates (e.g. separate foraging, guarding and queen­
like behaviours) (Schwarz et al. 1998). Hence, although adults of Exoneura 
may spend longer periods foraging away from their nests under conditions 
of low resource availiability, their brood are not as likely to be left 
unattended and thus exposed to parasitisation, for example, compared with 
those of A. morosus under similar conditions.
2. Although the host range of A. morosus has yet to be quantitatively 
established through detailed pollen analyses, previous studies have
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indicated that A. morosus, like other hylaeine bees, is polylectic because it 
has been recorded on several different plant taxa (Michener 1965; Houston 
1975; Armstrong 1979; Cardale 1993). However, Michener (1965, 1979) 
suggests that the relatively short tongue of hylaeine bees probably restricts 
them to nectar plants with shallow-cupped flowers such the Myrtaceae.
This could be a potential problem, even though the most forests and 
woodlands of Australia are generally rich in Myrtaceae. Myrtaceous plants, 
in particular eucalypts, can be intensively worked by honey bees for nectar as 
well as pollen (Gibbs and Muirhead 1998; Paton 1996; Schwarz et al. in press), 
and several species of eucalypts flower only irregularly (Beardsell et al. 1993; 
House 1997). By contrast, Exoneura are long-tongue bees, and thus may be 
comparatively less restricted to the shape of flowers presenting nectar than 
short-tongue bees (Schwarz et al in press).
3.1.5 Study aims
This study experimentally investigated the potential for exploitative 
floral resource competition between A. morosus and honey bees in 
temperate moist-dry eucalypt forests of the Central Highlands of Victoria. 
The possibility of resource competition with honey bees or any other bee 
species has never been previously examined for any other colletid species in 
either Australia or overseas. Potential resource competition was 
investigated by monitoring the performance of A. morosus at four 
experimental sites- each site having six commercial honey bee hives placed 
within it in order to mimic an increase in background feral honey bee 
populations, versus that at four control sites- each with no feral honey bee 
population enhancement. Comparative pollen use between A. morosus 
and honey bees was determined to assess the degree of resource overlap 
between them, and thus their potential to compete for resources. The 
demographic performance of A. morosus in different nest types (e.g. one- 
adult female newly-founded nests, and one- and two-adult female reused 
nests; Chapter 2) was separately analysed to assess how potential resource 
competition with honey bees may be influenced by different nesting 
behaviours.
67
Following a description of methods employed, this chapter presents 
the results of field work and data analyses as follows: comparative use of 
pollen resources by A. morosus and honey bees between sites and years, and 
in relation to floral abundance; the flowering phenology and abundance of 
flowers of different plant groups used by A. morosus and honey bees 
between sites and years; regional weather conditions between years; the 
demographic performance of A. morosus (e.g. fecundity, brood and adult 
survival) between control and experimental sites, between different nest 
types, and between different years; the demographic performance of A. 
morosus in relation to the abundance of different floral groups used as 
pollen sources, and the proportion of pollen sourced from different floral 
groups within brood cells; and the performance of honey bee hives (i.e. 
number of frames of honey bee brood) between sites and years. The 
discussion focuses on whether pollen use by A. morosus and the 
demographic performance of A. morosus are affected by the presence of 
honey bees; and presents some hypotheses to explain observed trends.
3.2 Materials and m ethods
3.2.1 Study sites
Nests of A. morosus were collected from sites within the Black 
Range State Forest and the adjacent Toolangi State Forest. The general 
locations of these forests are shown in Map 1.1, and are described in Chapter 
2 (Section 2.2.1). Section 2.2.1 also describes the prevailing climate of the 
region (temperate 'Mediterranean'), the structure of the plant communities 
(overstorey dominated by Eucalyptus spp.), and the growth habits of rough 
treefern, Cyathea australis- the dead fronds of which A. morosus uses as a 
nesting substrate in these habitats.
3.2.2 Experimental design
3.2.2.2 Timing of experiment, and placement of nests of A. morosus 
The experiment ran through spring and summer in 1992-93
(referred hereafter as year one) and in 1993-94 (year two). The same eight
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sites were used in both years. To augment existing populations of A. 
morosus at each site as well as to reduce site-specific effects and initiate 
similar population sizes at all sites, existing nests at each site were firstly 
removed, and then pooled with a smaller number of nests that had been 
collected from surrounding areas possessing the same types of vegetation 
communities. This procedure was undertaken in mid-August (late winter), 
when the bees are inactive. A selection of nests were then drawn at random 
from the large pool of nests and distributed among the tree ferns at each site. 
At the start of each spring, approximately 50 existing nests (min.= 46, 
median = 52, max. = 58) were distributed at each site in this way. Between 
one to three tree ferns were used at each site. Exactly 70 trap fronds 
(potential nests) were also placed at each site during late winter to facilitate 
nest foundation by A. morosus during the following spring. Trap fronds 
had been marked with a different coloured paint than existing nests , and 
were distributed among the existing nests.
32.2.2 Setting up and maintenance of honey bee treatments, and location
of sites
The effect of feral-like densities of honey bees was assessed by 
artificially elevating the densities of honey bees at four sites (experimental 
sites) and leaving another four sites unmanipulated (control sites). Control 
and experimental sites were selected at random from a wide range of 
possible sites occurring within the study area. Originally, the experimental 
design was to facilitate a comparison of A. morosus in control and 
experimental sites that were matched as closely as possible in terms of 
floristic composition. However, as the flowering season of year one 
progressed, it became clear that sites designated as either the experimental or 
the control site of a matched pair at the start of the season had begun to 
diverge in terms of comparative floral density and phenology.
Furthermore, it was never clear that each pair of sites were matched closely 
in terms of initial natural enemy pressure, micro-climate, disturbance 
history and so on. Consequently, control and experimental status of sites 
was swapped at the start of season two because it was thought easier to create 
better matching pairs of control and experimental sites using the same site
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subjected to a different treatment in each season, rather than using two 
different sites within the same season. Although the second season 
provided unforeseeably better environmental conditions for bees than the 
first (refer Results Section), this did not prevent the interaction between 
honey bee treatment and season from being analysed. This is because the 
effect of site was analysed as a random factor in the various statistical 
modellings undertaken (see below).
Sites were located at least 3 kms apart (Map 3.1). Past studies indicate 
that honey bees generally forage within 2-3 kms of their hives, although 
they may sometimes travel much further when floral resources are poor 
(Visscher and Seeley 1982; Moritz and Southwick 1992; Paton 1995). Six 
commercial-sized honey bee hives were placed at each experimental site. 
Hives that did not contain a mated queen were replaced with ones that did 
have a mated queen several weeks before the start of brood production by A. 
morosus, in an attempt to equalise the level of honey bee treatments 
between sites. Direct supplemental feeding of hives using cane sugar in 
syrup form was carried out during the season, in an attempt to maintain at 
least the same number of active hives per site. For some hives, it was 
necessary to add a second tier of frames as their colonies grew.
An 'additive' experimental design was chosen over a 'removal' 
experimental design. In the latter design, experimental sites would have 
comprised sites in which all feral honey bee colonies in the vicinity would 
have been removed. However, it was not feasible to search and destroy 
every feral honey bee colony over several hundred hectares of forest as part 
of a 'removal' experimental design. Furthermore, 'additive' experiments 
can have greater predictive utility than 'removal' experiments (Keddy 1989).
3.2.3 Honey bee baiting experiment
There was the possibility of honey bees foraging at control sites, 
sourced from either existing (though unknown) feral colonies or the honey 
bee hives placed into the forest. Consequently, the 'veracity' of control sites 
was assessed by conducting a honey bee baiting experiment each season.
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Experimental sites were included in the experiment as a test of the efficacy of 
the baits. Two one-litre plastic cylinders, each with numerous pin-sized 
perforations at the bottom of the cylinder and filled with a well-mixed 
solution of 50% cane sugar treacle and water and several drops of aniseed 
food flavouring, which has traditionally been used in honey bee attracting 
formulations (von Frisch 1967), were placed at each site (Plate 3.1). At each 
site, the baits were located about 100m either side of the clump of tree ferns 
containing the nests of A. morosus, and were hung with wire from tree 
branches at a height of about two metres from the ground. Sticky 
'Tanglefoot' was placed on the wire to deter ants from either accessing the 
bait or attacking potential honey bee foragers. These baits were left 
undisturbed for between 7-10 days in order to train honey bee foragers about 
their locations. They were then replenished two days prior to observing 
them. In each season, the observations took place during mid-December 
(early summer) over a four day period during which the days were fine and 
warm (greater than about 25 °C) and cloud cover was less than 
approximately 20%. All observations were performed between midday to 
15:00 hours- the warmest part of the day. As there were sixteen baits 
overall, one bait per site within two control sites and two experimental sites 
was observed each day. Baits at control and experimental sites were 
observed alternately. At each site, the number of honey bee foragers 
approaching the bait was recorded at the start and finish of a 40 minute 
observation period.
Baits within experimental sites frequently attracted honey bees, with 
baits frequently being swarmed over by honey bee foragers in both years 
(year one: mean number of honey bees per bait averaged across numbers 
recorded at start and end of observation period and across sites = 16.0, s.e. = 
7.1; year two: mean = 17.3, s.e. = 7.1; Appendix E). However, on no occasion 
were honey bees observed feeding at any of the baits located within control 
sites in either year (Appendix E). Incidental observations made while 
conducting vegetation transects at sites in the week following this 
observation period indicated that honey bees were still accessing some baits 
in experimental sites, but not in control sites.
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3.2.4 Sampling and preservation of nests of A. morosus
Nests of A. morosus were collected from each site during mid- 
January of each year. Supplementary sampling from surrounding sites had 
indicated that brood production had stopped by these times, and that most 
brood were pupating but not eclosing yet (which was necessary for later sex 
allocation work; Chapter 4). Collections took place during the early 
morning or during inclement weather when bees were inactive. Whole 
fronds were collected and the bee nest entrances were plugged with cotton 
wool for transport to the laboratory, where they were stored at 5 °C until 
examined.
3.2.5. Data collected on nests of A. morosus and honey bee hives
3.2.5.1 Nests of A. morosus
The following data were recorded for each nest of A. morosus: nest 
type ('reused' if the nest had been used for brood rearing in the previous 
season), or 'new' if the nest had been newly-founded from a trap frond); 
nest length; the total number of brood cells; the number of immature bees at 
different developmental stages and their cell position; wet weight and sex of 
each pupa; the number of female and male adults; and the presence of other 
species of invertebrates. The forewing length was recorded for each adult 
female, and was used as a measure of body size (Section 2.2.3, Chapter 2). 
These data are presented in Appendix M. A random sample of pupae 
(consisting of both sexes across different cell positions) which were oven 
dried at 50 °C overnight, indicated that wet weights of pupae were strongly 
correlated with their dry weights (r = 0.767, d.f. = 199) (Appendix F).
3.2.5.2 Honey bee hives
As an indicator of honey bee performance, the number of frames of 
brood per hive was recorded at each experimental site. This was done on 
one occasion per year in late December (mid-summer). Appendix G 
contains these data.
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3.2.6 Pollen use by A. morosus and honey bees
3.2.6.1 Pollen use samples from A. morosus
For A. morosus, ten nests per site per year were randomly selected 
for analysis of pollen. Each nest had three or more brood cells. In order to 
get information on within-season changes in pollen use, three brood cells 
per nest were selected as follows: The linear series of cells in each nest was 
divided into three equal sections. If the total number of cells was not a 
factor of three then the lengths of two randomly selected sections each
equalled the modulus of (total cells 3) and the length of the third section 
equalled the modulus of (total cells -s- 3) plus the remainder of (total cells 
3). For example, if total cells had equalled seven, then two sections each had 
length = mod(7 3) = 2, and the third section had length = mod(7 3) +
rem(7 -5- 3) = 2 + 1 = 3. One cell was then selected at random from each of the 
three sections. Drawing material from each brood cell for later 
identifications of pollen use was straightforward, regardless of the stage of 
development of the brood within the cell. The larvae of A. morosus float 
on top of a viscous liquid mixture of pollen and nectar. Furthermore, the 
exine structure of pollen grains that are part of faecal matter found within 
the pupal cells of A. morosus usually remain intact (unpubl. observ.). Intact 
pollen grains have been observed in the faeces of other bee species (Kearns 
and Inouye 1993). An attempt was made to collect either all the liquid 
mixture or all the faecal matter. Each sample was then mixed with the 10 
mis of Calberla stain (Kearns and Inouye 1993) and left to sit for about 10 
minutes. A sub-sample of approximately 5 mis were then taken and 
smeared on slides. A cover slip was placed on top and sealed with clear 
liquid nail polish to prevent the sample from desiccating.
3.2.6.2 Pollen use samples from honey bees
A pollen trap was fitted to one honey bee hive in each experimental 
site during year two (Plate 3.2). A movable metal grate was fitted to the trap, 
so that foragers could bring pollen into the hives during non-observational 
periods. The pollen traps were sampled for a period of one day on three 
occasions: mid-November, late November and mid-late December
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(Appendix H shows actual dates). For the other five hives, four honey bee 
foragers were randomly sampled per hive as the honey bees arrived at their 
hive. The sampling occasions were the same as those for the pollen traps. 
Sampling in the first year was conducted at the same times and in the same 
way, with the exception that all hives were sampled by catching honey bee 
foragers as they entered the hive, that is, no pollen traps were employed. 
Collecting always took place during the early afternoon on warm days 
(greater than 25 °C approximately) with less than about 20% cloud cover. 
Pollen from pollen traps and foragers was stored under cool dry conditions. 
Each pollen trap sample was thoroughly mixed and six sub-samples were 
drawn from each. Each of these sub-samples was approximately the same 
amount as that collected from individual foragers. All pollen trap sub­
samples and individual forager samples were then prepared on slides in the 
same way as the pollen samples of A. morosus.
3.2.6.3 Pollen identifications and counts
Pollen identifications and counts were performed as follows. Using 
an oil immersion light microscope, a step-wise transect recording the 
abundance of different pollen groups was run through each sample of A. 
morosus and honey bees, until 100 grains had been counted. Pollen 
identifications were made possible by: (i) establishing a pollen library from 
pollen samples taken from flowering vegetation in each site throughout 
both years of the experiment; and (ii) the Pollen Herbarium of the 
Department of Archaeology and Natural History, Australian National 
University (M. McPhail pers. comm.). Most of the different pollen types 
observed could not be identified to species owing to the coarse-level of 
resolution available for viewing the samples. Consequently, the different 
pollen types were aggregated to either the genus or family levels, for 
example, Eucalyptus spp. and Fabaceae spp. (legumes). Exceptions to this 
procedure were Hypochoeris radicata and Banksia marginata which were 
readily identifiable because of their distinctive exine structure. All of the 
pollen use data for A. morosus and honey bees are contained in Appendices 
H and I, respectively.
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3.2.7 Resource levels: floral abundance and phenology
3.2.7.1 Why actual pollen and nectar resource levels were not measured
Actual pollen and nectar resource levels were not measured for two
reasons. Firstly, it is difficult to measure floral resource levels in the field in 
a way that is important from the 'view point' of a foraging adult bee. This is 
because potential resources differ widely not only in terms of quantity, but 
also quality, and fluctuate in response to a large range of physiological and 
ecological factors (Tepedino and Stanton 1981; Baker and Baker 1983; 
Schaeffer et al. 1979, 1983; Roubik and Buchmann 1984; Roubik 1989, 1996a,b; 
Moritz and Southwick 1992; Beardsell et al. 1993; Kearns and Inouye 1993; 
Paton 1990, 1995; House 1997). Secondly, logistic constraints operated. Since 
floral resource levels of individual plants can vary widely, it is difficult to 
design comprehensive sampling regimes over large forested areas, as this 
study encompassed. Also, eucalypts are known hosts of both honey bees and 
A. morosus, yet the tall growth form (> 20 m) of mature trees of several 
eucalypt species in the study area (Costermans 1983; Land and Conservation 
Council 1991), makes measuring their pollen and nectar production a very 
difficult task.
3.2.7.2 Estimation of floral resource levels
Pollen resource levels were instead estimated by assessing floral 
type, density and phenology at sites. Floral density and phenology was 
assessed by conducting two x 100m 'belt' (one metre wide) vegetation 
transects at each site on six occasions per season. These occasions were late 
September (early spring), mid-October (early spring), late October (mid­
spring), late November (late spring), late December (early summer) and 
mid-January (early/mid-summer) (Appendix J shows actual dates). The 
number of individual flowering plants and their species names was 
recorded on each transect. An exception was made for eucalypt trees since it 
was not possible to assess whether these trees were flowering or not along 
transects because their branches often occurred within a closed canopy at 
heights of 10 or more metres directly above the transect line. Instead, data 
on the presence and absence of flowering individuals of different Eucalyptus 
spp. within each site were collected by ascending a high vantage point (e.g. a
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hill) and scanning the tree canopy with binoculars for about 15 minutes per 
occasion. The approximate position of the tree(s) was then noted so that 
flowers, buds and leaves could be collected later for identification purposes. 
Data on the presence and absence of flowering individuals of different non- 
eucalypt species within each site were also collected, though this did not 
require the use of binoculars. Plant identifications followed the botanical 
reference handbooks and field guides of Gailbraith (1977), Costermans (1983), 
Morley and Toelken (1983), Elliot and Blake (1984) and Woolcock (1989). All 
of the floral data are shown in Appendix J.
3.2.8 Weather data
In order to further characterise seasonal conditions in the study area, 
daily rainfall and daily maximum and minimum temperature data were 
obtained from a weather station located on the northern fringe of the study 
area, close to the Black Range State Forest (Alexandra depot of the Dept of 
Natural Resources and Environment, Victoria). These data were obtained 
from August 1992 to February 1994 and are presented in Appendix K.
3.2.9 Statistical analyses
3.23.1 Demographic performance of A. morosus
The following 15 demographic performance variables of A. morosus 
were analysed: (i) total number of brood cells per nest (TNBCN)- a measure 
of gross fecundity per nest; (ii) total number of brood cells per adult female 
(TNBCAF), where adult female refers to adult females of the parental 
generation; (iii) number of surviving brood per nest (NSBN), that is, the 
number of immature bees at different developmental stages per nest 
(= eggs + larvae + pupae), which is a measure of net fecundity per nest; (iv) 
number of surviving brood per adult female (NSBAF); (v) proportion of 
brood parasitised by Gasteruption sp. per nest, since this wasp is the 
principal parasitoid of A. morosus in these habitats (Chapter 2); (vi) number 
of brood parasitised by Gasteruption sp. per nest; (vii) proportion of brood 
cells per nest that failed through causes other than parasitisation 
(proportion of non-parasitised failed brood cells per nest); (viii) number of 
non-parasitised failed brood cells per nest; (ix) proportion of surviving
76
pupae that were male (= realised numerical sex-ratio) per nest; (x) pupal 
weights; (xi) proportion of nests parasitised by Gasteruption sp.; (xii) 
proportion of nests with one or more non-parasitised failed brood cells; (xiii) 
proportion of newly-founded nests with one adult female; and (xiv) 
proportion of reused nests with at least one adult female; and (xv) 
proportion of reused nests with exactly two adult females.
The first 10 variables were analysed with respect to the following 
factors: (i) year (one, two); (ii) honey bee treatment (yes, no); and (iii) nest 
type (zero-adult female newly-founded, one-adult female newly-founded, 
zero-adult female reused, one-adult female reused and two-adult female 
reused). Zero-adult female nests were not analysed for the following 
variables: TNBCAF, NSBAF, the proportion of nests parasitised, the 
proportion of nests having at least one non-parasitised failed brood cell, the 
number of parasitised brood per nest, and the number of non-parasitised 
failed brood cells per nest. Pupal weights were further analysed with respect 
to the sex of the pupa (male, female). The last three variables were analysed 
with respect to season and honey bee treatment only.
The first eight variables were analysed using nested mixed linear 
models that consisted of different combinations of fixed factors (year, nest 
type, honey bee treatment, and where applicable, pupal sex) and 
hierarchically nested random factors (nest within tree fern within site 
within year). They followed the general procedures on mixed modelling 
given in given in Bennington and Thayne (1994) and Sokal and Rohlf 
(1995). Different two-way and three-way interactions between fixed factors 
were analysed for each variable, wherever possible.
Since sample sizes varied markedly between different treatments 
and replicate sites, conventional analysis of variance (ANOVA) procedures 
could not be used, as they are highly sensitive to unequal sample sizes 
(unbalanced data). Estimation of fixed effects was by weighted least squares 
algorithms following estimation of variance components (random effects). 
Models were computed using Restricted or Residual Maximum Likelihood
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(REML) procedures (Dempster et al. 1984; Robinson 1991) in Genstat v 5.3 
(Genstat 5 Committee 1993). Logit transformations were applied to 
proportional data, where Pttans = ln((Pobs + 0.1) (1 -  (Pobs + 0.1))), and a
square-root transformation was applied to count data, so that these data 
approximated a normal distribution before model fitting. Pupal weight data 
followed a normal distribution, and so were left untransformed prior to 
model fitting. Preliminary analyses showed that the simplest model to 
describe the variation among the four random factors (nest, treefern, site 
and year) was the same for each response variable. It was as follows: site + 
site x treefern x year x nest. These two terms (site and site x treefern x year x 
nest) were retained throughout the modelling procedures examining the 
effects of the different fixed factors upon each of these variables.
The data for each the last five variables were proportion data, and 
were analysed by logistic regression using Generalised Linear Modelling 
(GLM) procedures (Aitkin et al. 1989 ; Crawley 1993). Statistical models of 
categorical data based on mixed designs (fixed and random factors) are 
currently unavailable. Consequently, data were grouped over individual 
sites, tree ferns and nests. For the analyses of the proportion of nests with 
parasitised brood and the proportion of nests with non-parasistised failed 
brood cells, the fixed factors of year, honey bee treatment, nest type and their 
various interactions were examined. For the various adult survival 
variables (xiii-xv), only year, honey bee treatment and their interaction was 
examined. In cases where significant data over-dispersion were indicated, 
owing to extra variation from one of several sources (e.g. random site 
effects), appropriate adjustments were made to the model parameter, X, to 
account for this extra variation (Aitkin et al. 1989; Crawley 1993).
3.2.92 Performance of honey bee hives
The performance of honey bees, measured as the number of frames 
of brood per hive, was compared between seasons using a mixed model one­
way ANOVA (Sokal and Rohlf 1995) with season as a fixed factor and site 
modelled as a random factor.
78
3.2.9.3 Pollen use by A. morosus
For each floral group used by A. morosus as a pollen source, the 
average proportional use of that floral group per nest was analysed in 
relation to the fixed factors of year, honey bee treatment and their 
interaction. REML models were used for these analyses, treating site and 
nest as separate random factors (i.e. site + nest). For each floral group used 
by A. morosus, average proportional use of that floral group at each site was 
analysed in relation to: (i) the cumulative frequency of individual plants of 
that floral group flowering on transects during the brood-rearing season at 
that site; and (ii) the cumulative frequency of individual species of that 
floral group flowering during the brood-rearing season at that site. Simple 
regression models were used for these analyses. In both analyses, the 
proportion data were logit transformed prior to model fitting using the 
formula given in Section 3.2.9.1.
3.2.9A Effect of floral resource levels and pollen use on the demographic
performance of A. morosus
The potential effects of differential floral abundance and differential 
use of floral groups used by A. morosus as pollen sources on TNBCN and 
pupal weight were statistically examined as follows.
Firstly, since A. morosus uses several different floral groups as 
sources of pollen at sites, and since the relative abundances of different 
floral groups and the relative proportions of different floral groups used as 
pollen sources were likely to be highly correlated at sites, principal 
components (PC) analyses following Sokal and Rohlf (1995), were 
performed. Specifically, three separate PC analyses, treating each floral 
group as a separate variable, were conducted on: (i) the cumulative 
frequency of individual plants of each floral group flowering on transects 
during the brood-rearing season at different sites; (ii) the cumulative 
frequency of individual species of each floral group flowering during the 
brood-rearing season within different sites; and (iii) the average 
proportional use of each floral group at different sites. Each of these PC
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analyses were designed to extract a small set of PC factors that explained as 
much of the variation among the various floral groups across sites as 
possible.
Secondly, having corrected for the significant fixed factors and their 
interactions, and making appropriate data transformations, TNBCN and 
pupal weights were then analysed in relation to various PC factors using 
analysis of co-variance (ANCOVA). Significant covariate effects were 
further analysed by using simple regression models.
3.2.9.5 Model fitting, model checking, and post-hoc comparisons of levels
of significant terms
In all modelling procedures (ANCOVA, ANOVA, GLM, and REML), 
with the exception of the simple regression analyses, models containing all 
fixed factors of interest were fitted first. Non-significant terms were 
progressively discarded, and backchecking was carried out to see whether 
discarded parameters proved to be significant in reduced models. In 
addition, plots of standardised residuals against the explanatory and the 
fitted values were used to assess the adequacy of all models, including the 
simple regression models.
In all GLM and REML procedures, post-hoc comparisons among 
levels of statistically significant terms were performed by examining 
whether predicted 95% confidence intervals overlapped. While a pair-wise 
comparison using predicted 95% confidence intervals is equivalent to using
a conservative test using an experiment-wide error rate of a  = 0.01 (Sokal 
and Rohlf 1995), the undertaking of multiple comparisons increases the risk 
of making Type I errors (Rice 1989), thereby making this procedure 
necessary.
Bonferroni adjustments of alpha levels for multiple tests (Rice, 1989) 
were undertaken when examining the significance of individual regression 
coefficients as part of the simple regression analyses. In the ANOVA and 
ANCOVA procedures, standard Scheffe's and Student-Neuman-Keuls post
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hoc comparisons of levels of significant factors (Sokal and Rohlf 1995) were 
not performed as the results of these analyses showed that such 
comparisons were not necessary (refer to relevant Results Sections).
3.2.10 Comparative analyses of pollen use by A. morosus and honey bees
3.2.10.1 Within-year variation in pollen use by A. m orosus and honey bees 
Within-year variation in pollen use by A. morosus at each site, was
compared with that of honey bees at each experimental site by the use of 
barcharts and the calculation of percentage similarity scores (see below). As 
it was not possible to attribute an exact time of season to when each brood 
cell of A. morosus was provisioned, cell numbers 1-3 (where the first cell 
was at the bottom of the nest) were classified as 'early season' cells, cell 
numbers 4-6 as 'mid-season' cells, and cell numbers 7 and beyond as 'late 
season' cells. This reclassification permitted a comparison of A. morosus
with honey bee pollen use through time. For any site x year combination, 
data on an early, mid-season or late season sample of A. morosus were not 
plotted where the sample size comprised fewer than five cells. Since the 
total num ber of brood cells in A. morosus approximated a Poisson or 
negative binomial distribution, that is, most nests of A. morosus contain 
only a few cells (Chapter 2), late season and mid-season samples were 
occasionally missing whereas all early season samples could be graphed.
3.2.10.2 Calculation of percentage similarity between pollen use samples of 
A. m orosus and honey bees
Following Ramalho et al. (1985) and Wilms et al. (1996), the degree 
of overlap between any two pollen use samples for A. morosus and honey 
bees was determined by calculating the percentage similarity between these 
two samples as:
Percentage similarity (PS) = (1 -  0.5 x ZI Piamp -  Pihbee I) x 100
where Pt amp is the average pollen proportion of the i floral group in the 
A. morosus sample; and Plhbee is the average pollen proportion of the i floral 
group in the honey bee sample. A PS value = 100 indicates complete
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overlap, and a PS value = 0 indicates no overlap whatsoever. Unknown 
pollen types used by A. morosus and those by honey bees were treated as 
separate 'floral groups'.
In each year, percentage similarity in pollen use between A. morosus 
and honey bees was calculated for each experimental site for each of the 
following seven comparisons: early season samples for A. morosus versus 
each of early season and mid-season honey bee samples; mid-season 
samples for A. morosus versus each of early season, mid-season and late 
season honey bee samples; and late season samples for A. morosus versus 
each of mid-season and late season honey bee samples. Comparisons 
between samples for A. morosus and honey bees were undertaken in this 
way because it was not possible to exactly ascertain, in terms of time of 
season, which sample for A. morosus corresponded to which honey bee 
sample. There were exceptions to this rule; specfically, early season samples 
for A. morosus were not likely to correspond to late season honey bee 
samples, and late season samples for A. morosus were not likely to 
correspond to early season honey bee samples.
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Map 3.1 Location (x) of the eight sites used in the experimental assessment 
of floral resource competition between A. morosus and honey bees.
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Plate 3.1 An artificial honey bee bait hanging about 1.5 m above 
the ground. Small perforations in the bottle were made in the centre of 
each blue 'flower' drawn as a recognisable target for honey bee foragers.
Plate 3.2 A pollen trap fixed to the entrance of a honey bee hive.
The trap grate is down, and the top and sides of the trap are sealed 
with tape. Another hive shows a second tier of frames. Note the small 
yellow flowers of 'false dandelion', Hyphochoeris radicata, around the hives.
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3.3 RESULTS
3.3.1 Pollen use by A. morosus and honey bees
3.3.1.1 Pollen use by A. morosus
In each year, A. morosus used pollen from the following floral 
groups: Eucalyptus spp., Fabaceae spp. (legumes), Leptospermum spp.,
Acacia spp., and Banksia marginata (Fig. 3.1; Appendix H). In year one, A. 
morosus generally used eucalypt pollen the most (mean across sites = 56.8%; 
min. mean = 30.2%; max. mean = 74.9%), followed by legume species (mean 
across sites = 27.8%; min. mean = 10.8%; max. mean = 48.1%), and then 
Leptospermum pollen (mean across sites = 10.5%; min. mean = 3.9%; max. 
mean = 17.2%). A similar pattern was observed in the second year. In year 
two, A. morosus generally used eucalypt pollen the most (mean across sites 
= 74.3%; min. mean = 43.3%; max. mean = 87.2%), followed by legume 
species (mean across sites = 14.1%; min. mean = 5.9%; max. mean = 45.4%), 
and then Leptospermum pollen (mean across sites = 6.6%; min. mean = 
0.6%; max. mean = 12.5%). Compared with the first year, A. morosus in year 
two generally sourced an increased proportion of eucalypt pollen (overall 
average increase = 18.3%) and decreased proportions of legume pollen 
(overall average decrease = 14.7%) and Leptospermum pollen (overall 
average decrease = 3.6%). Small amounts of pollen from Acacia spp. and 
Banksia marginata, as well as pollen of unknown origin were detected 
across sites and years. At any site within either season, each of these latter 
groups comprised, on average, about 1.3%, 0.3% and 3.5% of the pollen 
sample, respectively (Fig. 3.1).
The REML analyses of different floral groups used by A. morosus as 
a pollen source in relation to year and honey bee treatment revealed several 
interesting trends (Table 3.1). Use of B. marginata pollen by A. morosus was 
not analysed as it was used only sparingly at two sites (Fig. 3.1). The analysis 
of the proportion of eucalypt pollen used by A. morosus showed a
significant year x honey bee treatment interaction, a highly significant effect 
due to year, but no significant effect due to honey bee treatment (Table 3.1). 
In the first year, A. morosus used a significantly greater proportion of
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eucalypt pollen in control versus experimental sites. This trend was 
reversed in year two, though it was not significant. Among experimental 
and control sites, A. morosus used proportionately more eucalypt pollen in 
the second year compared with the first, though only the inter-annual 
difference among experimental sites was significant. The proportion of 
legume pollen used by A. morosus was neither significantly affected by a
year x honey bee treatment interaction nor a significant honey bee 
treatment, but a significant effect due to year was revealed (Table 3.1). 
Among experimental sites, the proportion of legume pollen used in year 
one was significantly higher than in year two, while no significant inter­
annual differences were detected among control sites. Proportional use of 
Leptospermum pollen by A. morosus was not significantly affected by either 
year, honey bee treatment or their interaction (Table 3.1). Acacia pollen 
comprised only a minor proportion of the different floral groups used by A. 
morosus (Table 3.1). Proportional use of Acacia pollen by A. morosus was
affected by a marginally non-significant interaction year x honey bee 
treatment interaction, but the effects due to year and honey bee treatment 
were not significant (Table 3.1).
3.3.1.2 Pollen use by honey bees
In each year, honey bees used pollen from the following floral 
groups: eucalypts, legumes, Leptospermum, Hypochoeris radicata, Acacia, 
and B. marginata (Fig. 3.2; Appendix I). In the first year, honey bees 
generally used Acacia pollen the most (mean across sites = 28.7%; min. 
mean = 13.0%; max. mean = 46.6%), slightly more than eucalypt pollen 
(mean across sites = 24.6%; min. = 5.9%; max. mean = 49.4%), which was 
used in roughly the same proportion as H. radicata (mean across sites = 
23.2%; min. mean = 15.4%; max. mean = 35.7%). Other substantial pollen 
groups used were legumes (mean across sites = 12.5%; min. mean = 1.8%; 
max. mean = 18.0%), followed by Leptospermum (mean across sites = 4.2%; 
min. mean = 3.1%; max. mean = 6.3%). The pattern in the second year was 
very different. In year two, honey bees generally used eucalypt pollen the 
most (mean across sites = 50.8%; min. mean = 39.4%; max. mean = 58.0%). 
This represents an increase of 26.2% from the first year. Honey bees also
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used H. radicata (mean across sites = 23.3%; min. mean = 15.4%; max. mean 
= 34.6%), followed by Acacia (mean across sites = 10.2%; min. mean = 8.2%; 
max. mean = 12.0%), legumes (mean across sites = 6.7%; min. mean = 4.6%; 
max. mean = 8.1%) and then Lep to sp er mum (mean across sites = 3.8%; min. 
mean = 1.9%; max. mean = 7.9%). Small amounts of B. marginata pollen 
were used across sites and seasons (overall mean across sites and season = 
0.7%), with honey bees sourcing this pollen at only two sites. A substantial 
amount of pollen could not be identified within samples. Pollen of 
unknown origin comprised, on the average, about 5.7% and 5.0% of the 
pollen sample in year one and two, respectively (Fig. 3.2).
3.3.1.3 Comparative pollen use by A. morosus and honey bees
Several notable patterns emerge from the graphical comparisons of 
within-year use of pollen between A. morosus versus honey bees at 
experimental sites (Figs 3.3-3.10). One, both A. morosus and honey bees 
generally collected more eucalypt pollen in the second year, at any 
equivalent stage, compared with first year. At most sites, A. morosus used 
generally more eucalypt pollen than did honey bees at any stage of either 
year. Two, at most sites, honey bees predominantly used H. radicata pollen 
during the mid-season and late season periods of both years. There was no 
evidence of A. morosus having used H. radicata pollen at any time. Three, 
honey bees made comparatively much greater use of Acacia pollen 
throughout the season than A. morosus, particularly in season one. Four, at 
most sites, A. morosus sourced a greater proportion of legume pollen and 
Leptospermum pollen than honey bees did, at any time (Figs 3.3-3.10).
As Table 3.2 shows, the overall average percentage similarity (PS) in 
pollen use by A. morosus and honey bees was moderately high (mean across 
sample comparisons, sites and years = 52.4%; min. mean of any two samples 
= 15.8%; max. mean of any two samples = 86.4%). Furthermore, the average 
PS across sites did not appear to change much from the start to the end of 
season in either year. The average PS across sites and comparisons appeared 
to be higher in the second year (mean across comparisons = 56.6) than the 
first year (mean across comparisons = 48.2). Average PS at individual sites
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(across comparisons) was recorded between 60% and 70% at three sites (two 
sites in the first year and one site in the second year), between 50% and 60% 
in three sites (all sites in the second year), and between 30% and 40% in two 
sites (both sites in the first year). Within-site PS values varied considerably. 
All of the comparisons for site 1 (first year) and site 5 (second year) had a PS 
greater than 50%. However for other sites, the proportion of PS scores 
greater than 50% was much less. This proportion was 0.6 for site 3 (first 
year), 0.57 for sites 7 and 8 (both in second year); 0.4 for site 6 (second year); 
and 0.0 for site 2 (first year) (Table 3.2).
3.3.2 Floral density and phenology
Both A. morosus and honey bees only use a small proportion of 
different plant groups in flower at any one time (Figs 3.11-3.19; Appendix J).
Several distinctive trends emerge from these floral data (Figs 3.11- 
3.19; Appendix J). One, eucalypts tended to flower from October/November 
(mid-late spring) to experiment termination in mid-January (early/mid­
summer). Most eucalypts appeared to flower earlier in the second year 
compared with the first (Fig. 3.11), with some eucalypts (E. oblicjua and E. 
globulus) only flowering in year two. Two, H. radicata had a flowering 
period that spanned October/November (mid-spring) to late December 
(early summer), and tended to flower earlier and more abundantly in year 
two (Figs 3.18-3.19). Three, in general, Acacia flowered from late September 
(early spring) to late November (late spring) (Figs 3.16-3.17); legumes 
flowered from October/November (mid-spring) to late December (early 
summer) (Figs 3.14-3.15); and Leptospermum flowered from 
September/October (early/mid-spring) to mid January (early/mid-summer) 
(Figs 3.12-3.13). Leptospermum commenced flowering earlier and flowered 
slightly more abundantly in the second year (Figs 3.12-3.13). Legumes also 
started flowering earlier in the second year, though relative abundances 
between years tended to be similar overall (Figs 3.14-3.15). Lastly, no inter­
annual differences among abundances of Acacia were noticable (Figs 3.16- 
3.17).
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The average proportional use of eucalypt pollen by A. morosus at 
each site was significantly and positively correlated with the cumulative 
frequency of individual eucalypt species flowering within that site during 
the brood-rearing season (Table 3.3). For each other floral group used by A. 
morosus, average proportional use of that floral group at each site was not 
significantly correlated with either (i) the cumulative frequency of 
individual plants of that floral group flowering on transects during the 
brood-rearing season at that site, or (ii) the cumulative frequency of 
individual species of that floral group flowering during the brood-rearing 
season within that site (Table 3.3).
3.3.3 Weather conditions
Monthly mean minimum and maximum tem peratures were 
generally higher in year two compared with year one (Figs 3.20-3.21). 
Notably, the maximum for the period from mid-November to mid- 
December (i.e. late spring to early summer) and the maximum for the 
period from mid-August to mid-September (i.e. late winter to early spring) 
were both much higher in the second year than in the first year.
Monthly average rainfall was comparatively higher during the 
periods mid-August to mid-September and mid-October to mid-November 
of the second year (i.e. late winter and mid-spring), comparatively much 
lower from mid-November to mid-December during the second year (i.e. 
late spring to early summer), and about the same between years during 
other periods (Fig. 3.22).
3.3.4 Effects of honey bees, year and nest type on the demographic 
performance of A. morosus, and the effect of year on honey bee 
performance.
3.3.4.1 Total number of brood cells per nest (TNBCN)
The usual normal distribution assumptions for REML m odels could 
not initially be met because the distribution of TNBCN was spiked at zero, 
with 50.2% of nests having no brood cells. Consequently, nests w ithout any 
brood cells were removed before REML model fitting. TNBCN was not
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significantly affected by any of the various interactions among year, nest type 
and honey bee treatment, though the year x nest type interaction was 
marginally non-significant (Appendix L). The main effects of year and nest 
type were highly significant, but that for honey bee treatment was not 
significant. TNBCN among all nest types was significantly higher in year 
two than year one. In year one, TNBCN was significantly different among 
nest types, in increasing order of observed means, as follows: zero-adult 
female new nests = zero-adult female reused nests; zero-adult female reused 
nests = one-adult female new nests < one-adult female reused nests < two- 
adult female reused nests. In year two, TNBCN was significantly different 
among nest types, in increasing order of observed means, as follows: zero- 
adult female new nests = zero-adult female reused nests < one-adult female 
new nests < one-adult female reused nests < two-adult female reused nests 
(Appendix L; Fig. 3.23)
3.3.4.2 Total number of brood cells per adult female (TNBCAF)
Although some nests with an adult female did not have any brood
cells, the data on TNBCAF was not zero spiked, because the majority of nests 
without cells lacked an adult female and these analyses excluded zero-adult 
female nests (new and reused). Hence values of TNBCAF equal to zero 
were included prior to model fitting. TCNAF was not significantly affected 
by honey bee treatment nor any of the various interactions among year, nest 
type and honey bee treatment (Appendix L). Year and nest type were highly 
significant. Among all nest types, TNBCAF was significantly higher in year 
two than year one. In each year, TNBCAF was significantly different among 
nest types, in increasing order of observed means, as follows: one-adult 
female new nests < two-adult female reused nest = one-adult female reused 
nests (Appendix L; Fig. 3.24).
3.3.4.3 Number of surviving brood per nest (NSBN)
Nests without any brood cells were omitted prior to model fitting 
owing to the same spiked distribution problem explained above for the 
analysis of TNBCN. The number of surviving brood in each nest was the 
sum of eggs, larvae and pupae found in that nest. NSBN was not
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significantly affected by honey bee treatment nor any of the various 
interactions among year, nest type and honey bee treatment (Appendix L). 
Year and nest type were highly significant. NSBN among all nets types was 
significantly higher in year two than year one. In year one, NSBN was 
significantly different among nest types in increasing order of observed 
means, as follows: zero-adult female new nests = zero-adult female reused 
nests < one-adult female new nests < one-adult female reused nests < two- 
adult female reused nests. In year two, NSBN was significantly different 
among nest types in increasing order of observed means, as follows: zero- 
adult female reused nests < zero-adult female new nests; zero-adult female 
new nests = one-adult female new nests < one-adult female reused nests < 
two-adult female reused nests (Appendix L; Fig. 3.25).
3.3.4.4 Number of surviving brood per adult female (NSBAF)
These data were not zero spiked, following the argument presented 
for the analysis of TNBCAF (see above). Flence, data on nests without any 
brood cells were included in the analysis. Again, the number of surviving 
brood in each nest was the sum of eggs, larvae and pupae found in that nest. 
NSBAF was not significantly affected by honey bee treatment nor any of the 
various interactions among year, nest type and honey bee treatment 
(Appendix L). Year and nest type were highly significant. NSBAF among all 
nest types was significantly higher in the second year than in the first year.
In increasing order of observed means, NSBAF was significantly different 
among nest types in each year as follows: one-adult female new nests < one- 
adult female reused nests = two-adult female reused nests (Appendix L; Fig. 
3.26).
33.4.5 Proportion of brood parasitised by Gasteruption sp. per nest
Nests without brood cells were excluded from these analyses. The 
proportion of brood parasitised by Gasteruption sp. per nest was not 
significantly affected by honey bee treatment nor any of the various 
interactions among year, nest type and honey bee treatment (Appendix L). 
The main effect of year were highly significant. Parasitisation rates among 
all nest types were significantly lower in the second year compared with the
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first. In year one, parasitisation rates among nest types were significantly 
different in increasing order of observed means, as follows: two-adult 
female reused nests < one-adult female reused nests < one-adult female 
new nests < zero-female new nests < zero-adult female reused nests. In the 
second year, parasitisation rates among nest types were significantly 
different in increasing order of observed means, as follows: zero-adult 
female new nests = two-adult female reused nests < one-adult female reused 
nests < one-adult female new nests = zero-female reused nests (Appendix L; 
Fig. 3.27).
3.3.4.6 Number of brood parasitised by Gasteruption sp. per nest
Nests without brood cells were excluded from these analyses. The 
number of parasitised brood by Gasteruption sp. per nest was not 
significantly affected by nest type, honey bee treatment and year, nor any of 
the various interactions among these factors (Appendix L; Fig. 3.28).
3.3.4.7 Proportion of non-parasitised failed brood cells per nest
These analyses excluded nests without brood cells. The proportion 
of non-parasitised failed brood cells per nest was not significantly affected by 
honey bee treatment or year, nor any of the various interactions among 
these factors and nest type (Appendix L). Non-parasitisation failure rates 
among all nest types were greater in the second year compared with the first, 
though this was marginally non-significant. Nest type was highly 
significant. In increasing order of observed means, non-parasitised failure 
rates among nest types were significantly different in year one as follows: 
two-adult female reused nests < one-adult female reused nests = one-adult 
female new nests; one-adult female new nests = zero-adult female reused 
nests = zero-adult female new nests. In year two, non-parasitised failure 
rates among nest types in increasing order of observed means were 
significantly different, as follows: two-adult female reused nests = one-adult 
female reused nests; one-adult female reused nests = one-adult female new 
nests = zero-adult female new nests; one-adult female new nests = zero- 
adult female new nests = zero-adult female reused nests (Appendix L; Fig. 
3.29).
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3.3.4.8 Number of non-parasitised failed brood cells per nest
Nests without brood cells were excluded from these analyses. The 
number of non-parasitised failed brood cells per nest was not significantly 
affected by honey bee treatment or nest type, nor any of the various 
interactions among these factors and year (Appendix L). A significantly 
greater proportion of nests with at least one non-parasitised failed brood cell 
was detected in the second year among all nest types (Appendix L; Fig. 3.30).
3.3.4.9 Realised umerical sex ratio per nest
These analyses excluded nests without any pupae. The realised 
numerical sex ratio per nest (proportion of surviving male pupae per nest) 
was not significantly affected by honey bee treatment nor the interaction 
between year and honey bee treatment (Appendix L). A greater proportion 
of males per nest was observed in the second year than the first year among 
all ne^t types (Fig. 3.31), but this difference was marginally non-significant. 
Nest type was highly significant. In increasing order of observed means, the 
realised numerical sex ratio per nest among nest types were significantly 
different in the first year as follows: zero-adult female new nests = one- 
adult female new nests < zero-adult female reused nests = one-adult female 
reused nests < two-adult female reused nests. In year two, the realised 
numerical sex ratio per nest among nest types were significantly different in 
increasing order of observed means as follows: zero-adult female new nests 
= one-adult female new nests; one-adult female new nests = zero-adult 
female reused nests < one-adult female reused nests < two-adult female 
reused nests (Appendix L; Fig. 3.31).
3.3.4.10 Pupal weights
The effect of the four-way interaction between nest type, honey bee 
treatment, year and sex on pupal weights was not significant; and none of 
the three way interactions among these factors had a significant effect on 
pupal weights (Appendix L). Pupal weights were not significantly affected by
honey bee treatment, nor the year x honey bee treatment interaction, nor
the nest type x honey bee treatment interaction. The sex x nest type and the
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nest type x year interactions were highly significant. Furthermore, the main 
effects of sex, nest type and year were highly significant.
In both years, female pupal weights were generally higher than male 
pupal weights. In year one and for each level of nest type, male and female 
pupal weights were significantly different in increasing order of observed 
means as follows: two-adult female reused nests (male < female); one-adult 
female reused nests (male < female); one-adult female new nests (female = 
male); and zero-adult female reused nests (male < female). No male pupae 
were observed in zero-adult female new nests in year one. In year two and 
for each level of nest type, male and female pupal weights were significantly 
different in increasing order of observed means as follows: two-adult 
female reused nests (male < female); one-adult female reused nests (male < 
female); one-adult female new nests (male = female); zero-adult female 
reused nests (male < female); and zero-adult female new nests (female = 
male) (Appendix L; Figs 3.32-3.33).
In both years, two-adult female reused nests had higher female 
pupal weights than any other nest type. In year one and for each pupal sex, 
pupal weights differed significantly among the different nest types in 
increasing order of observed means, as follows: male pupae (two-adult 
female reused nests = one-adult female reused nests = zero-adult female 
reused nests < one-adult female new nests); and female pupae (zero-adult 
female new nests = zero-adult female reused nests = one-adult female new 
nests = one-adult female reused nests = two-adult female reused nests). In 
year two and for each pupal sex, pupal weights differed significantly among 
the different nest types in increasing order of observed means, as follows: 
male pupae (zero-adult female reused nests = one-adult female reused nests 
= one-adult female new nests < two-adult female reused nests = zero-adult 
female new nests); and female pupae (one-adult female new nests = zero- 
adult female reused nests = zero-adult female new nests; zero-adult female 
reused nests = zero-adult female new nests = one-adult female reused nests 
< two-adult female reused nests) (Appendix L; Figs 3.32-3.33).
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Male and female pupal weights were generally higher in the second 
year. For each level of nest type, male pupal weights differed significantly 
between years in increasing order of observed means, as follows: two-adult 
female reused nests (year one < year two); one-adult female reused nests 
(year one < year two); one-adult female new nests (year one = year two); and 
zero-adult female reused nests (year one = year two). For each level of nest 
type, female pupal weights differed significantly between years in increasing 
order of observed means, as follows: two-adult female reused nests (year 
one < year two); one-adult female reused nests (year one < year two); one- 
adult female new nests (year one < year two); zero-adult female reused nests 
(year one < year one); and zero-adult female new nests (year one < year two) 
(Appendix L; Figs 3.32-3.33).
3.3.4.11 Proportion of nests with at least one parasitised brood
Nests without any brood cells or adult females were excluded from 
this analysis. The mean proportion of nests with at least one parasitised 
brood was not significantly affected by nest type, honey bee treatment or 
year, nor any of the various interactions among these factors (Appendix L; 
Fig. 3.34).
3.3.4.12 Proportion of nests with at least one non-parasitised failed brood
cell
This analysis excluded nests without any brood cells or adult 
females. The proportion of nests with at least one non-parasitised failed 
brood cell was not significantly affected by honey bee treatment or nest type, 
nor any of the various interactions among these factors and nest type (Table 
3.4). A greater proportion of nests with at least one non-parasitised failed 
brood cell was detected in the second year for all nest types, though only the 
inter-annual differences for reused nests were significant (Appendix L; Fig. 
3.35).
3.3.4.13 Proportion of new nests with one adult female
The proportion of new nests with one adult female was 
significantly affected by a year x honey bee treatment interaction (Appendix
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L). Honey bee treatment was significant and year was highly significant.
The proportion of new nests with an adult female was higher in 
experimental sites than control sites in both years, and the difference in the 
second year was significant. For each level of honey bee treatment, the 
proportion of new nests with an adult female was higher in the second year 
compared with the first, and the inter-annual difference in experimental 
sites was significant (Appendix L; Fig. 3.36).
3.3.4.24 Proportion of reused nests with at least one adult female
The proportion of reused nests with at least one adult female was
significantly affected by a year x honey bee treatment interaction (Appendix 
L). Honey bee treatment was not significant, while year was highly 
significant. For each level of honey bee treatment, the proportion of reused 
nests with an adult female was higher in year two than year one, and the 
inter-annual comparison involving experimental sites was significant 
(Appendix L; Fig. 3.36).
3.3.4.15 Proportion of reused nests with two adult females
The proportion of reused nests with two adult females was
significantly influenced by a year x honey bee treatment interaction 
(Appendix L). Honey bee treatment was not significant, while year was 
highly significant. For each level of honey bee treatment, a greater 
proportion of reused nests with two adult females was recorded in the first 
year than in the second, and the inter-annual comparison involving control 
sites was significant (Appendix L; Fig. 3.36).
3.3.4.16 Honey bee brood production
The observed mean number of frames of honey bee brood per site 
was generally lower in first year sites compared with second year sites, 
especially at site number two which also had a much lower mean than other 
first year sites (Fig. 3.37). However, the overall difference in the mean 
number of frames of honey bee brood per site between years was marginally 
non-significant (Appendix L).
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3.3.5 Effects of relative floral abundance and relative pollen use on the 
demographic performance of A. morosus
3.3.5.1 Variation among different floral groups in terms of abundance and 
use of their pollens by A. morosus
The principal components (PC) analysis of the cumulative frequency 
of individual plants of different floral groups flowering on transects during 
the brood-rearing season at different sites, yielded one PC factor accounting 
for variation among the different floral groups (Table 3.4). The PC analysis 
of the cumulative frequency of individual species of different floral groups 
flowering during the brood-rearing season within different sites, yielded two 
PC factors explaining the variation among the different floral groups (Table 
3.4). The PC analysis of the average proportional use of different floral 
groups by A. morosus at different sites generated two PC factors explaining 
the variation among the different floral groups (Table 3.4). The factors 
extracted from these PC analyses showed strong correlations between 
different floral groups in terms of (i) their on-transect individual plant 
abundances; (ii) their within-site individual species abundances; and (iii) the 
proportional use of them by A. morosus. The latter set of PC factors 
indicated that A. morosus either uses eucalypt pollen, or a combination of 
pollens comprising mostly legumes, some Leptospermum and a small 
amount of Acacia (Table 3.4).
3.3.5.2 Effects of floral Principal Component factors on total number of 
brood cells per nests (TNBCN) and pupal weights of A. morosus 
TNBCN, corrected firstly for the significant effects of nest type, year
and their interaction, was not significantly affected by any of the PC factors 
(Table 3.5). Pupal weights, corrected firstly for the significant effects of year, 
nest type and pupal sex were significantly correlated with several different 
PC factors (Table 3.5).
3.3.5.3 Effects of the relative abundance of floral groups and proportional 
pollen use by A. morosus on pupal weights of A. morosus
The regression analyses examining how pupal weights of A. 
morosus at different sites vary with respect to: (i) the abundances of
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different floral groups at those sites (on-transect individual plant 
abundances and within-site individual species abundances); and (ii) the 
proportional use of different floral groups by A. morosus at those sites, 
produced several statistically significant patterns (Table 3.6). One, the mean 
weight of pupae at each site was positively correlated with the cumulative 
frequency of individual eucalypt species flowering during the brood-rearing 
season within that site. Two, the mean weight of pupae at each site was 
positively correlated with the mean proportional use of eucalypt pollen in 
brood cells at that site. Three, the mean weight of pupae at each site was 
negatively correlated with the mean proportional use of legume species at 
that site (Table 3.6).
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Table 3.3 For each floral group used by A. morosus as a pollen source, 
results of simple regression models separately analysing the mean 
proportional use of that floral group per site as a function of: (i) the 
cumulative frequency of individual plants of that floral group flowering on 
transects during the brood-rearing season at that site; and (ii) the cumulative 
frequency of individual species of that floral group flowering during the 
brood-rearing season at that site.
Floral group On-transect flowering 
plant abundance
Within-site flowering 
species abundance
1. Eucalyptus spp. Not analysed t -  +2.65, d.f. = 14, 
p = 0.019
2. Fabaceae spp. NS t = -1.27, 
d.f. = 14, p = 0.225
NS t = -1.18, 
d.f. = 14, p = 0.258
3. Leptosperm um  
spp.
NS t = +1.40, 
d.f. = 14, p = 0.183
NS t = -0.57, 
d.f. = 14, p = 0.578
4. Acacia spp. NS t = -1.68, NS t = +0.15,
d.f. = 14, p = 0.115 d.f. = 14, p = 0.883
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Table 3.4 Summary of results of Principal Components (PC) analyses to 
determine PC factors representing the co-variation among different floral 
groups used by A. morosus as pollen sources in terms of: (i) the cumulative 
frequency of individual plants of each floral group flowering on transects 
during the brood-rearing season at different sites; (ii) the cumulative 
frequency of individual species of each floral group flowering during the 
brood-rearing season within different sites; and (iii) the average 
proportional use of each floral group at different sites.
PC analysis and 
floral group
Factor 1 
scores
Factor 2 
scores
Factor 1 and 
Factor 2 combined
1. Cumulative frequency 
on-transects
Fabaceae spp. -0.775 N one
Lep to sp er mum spp. 
Acacia spp.
+0.903
+0.959
extracted
% variation explained 77.8 77.8
2. Cumulative frequency 
within-sites
Eucalyptus spp. +0.856 +0.348
Fabaceae spp. +0.832 -0.342
Leptospermum spp. +0.758 +0.534
Acacia spp. -0.542 +0.770
% variation explained 57.3 27.9 85.2
3. Average proportion of 
floral group used
Eucalyptus spp. -0.994 -0.15
Fabaceae spp. +0.937 +0.186
Eeptospermum spp. +0.615 -0.628
Acacia spp. +0.221 +0.889
% variation explained 57.3 30.5 87.8
1 0 6
Table 3.5 Results of analysing the effect of different PC factors yielded in 
Table 3.4 on: (i) Total number of brood cells per nest (TNBCN) of A. 
morosus, as part of three separate ANCOVA analyses; and (ii) pupal weights 
of A. morosus, as part of three separate ANCOVA analyses. In each of the 
three ANCOVAs for TNBCN, TNBCN was modelled as a function of 
statistically significant factors of year and nest type (refer Appendix L) (fitted 
first) and the set of PC factors (covariates) explaining either: (i) cumulative 
frequency of individual plants of different floral groups flowering on 
transects during the brood-rearing season at different sites; (ii) cumulative 
frequency of individual species of different floral groups flowering during 
the brood-rearing season within different sites; or (iii) average proportional 
use of different floral groups at different sites (refer Table 3.4). Pupal weights 
were analysed the same way, except they were corrected for statistically
significant effects of year, nest type, pupal sex, year x nest type, and pupal sex
x nest type (Appendix L) prior to model fitting. Key: TNBCN: total
number of brood cells per nest; PC: principal component(s); and NS: not 
significant.
PC factor set TNBCN Pupal weights
1. Cumulative frequency 
on-transects
Factor 1 NS f = +1.24, t = -2.38,
d.f. = 375, p = 0.216 d.f. = 1834, p = 0.017
2. Cumulative frequency 
within-sites
Factor 1 NS f = -0.01, t — +5.29,
d.f. = 374, p = 0.992 d.f. = 1833, p < 0.001
Factor 2 NS t = +1.01, NS t = -0.92,
d.f. = 374, p = 0.313 d.f. = 1833, p = 0.358
3. Average proportion of 
floral group used
Factor 1 NS t = +0.61, t = -2.51,
d.f. = 374, p = 0.542 d.f. = 1833, p = 0.012
Factor 2 NS t = +1.35, NS t = -1.51,
d. f. = 374, p = 0.178 d.f. = 1833, p = 0.131
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Table 3.6 For each floral group used by A. morosus as a pollen source, 
results of simple regression models separately analysing the average pupal 
weight of A. morosus at each site, as a function of: (i) the cumulative 
frequency of individual plants of that floral group during the brood-rearing 
season; (ii) cumulative frequency of individual species of that floral group 
flowering during the brood-rearing season; and (iii) average proportional 
use of that floral group during the brood-rearing season (refer Tables 3.4-3.5). 
Each set of regressions were assessed at a p = 0.05 level of significance, 
adjusted for multiple comparisons using the Bonferroni algorithm (Rice 
1989). Key: PC: principal component; *: significant; and NS: not 
significant.
PC factor set and Results of significance test
floral group
1. Cumulative frequency 
on-transects
Fabaceae spp. NS t = +0.96, d.f. = 14
Leptospermum spp. NS t = +0.13, d.f. = 14
Acacia spp. NS f = -0.49, d.f. = 14
2. Cumulative frequency
within-sites
Eucalyptus spp. * t = +2.79, d.f. = 14
Fabaceae spp. NS t = +0.80, d.f. = 14
Leptospermum spp. NS t = +1.11, d.f. = 14
Acacia spp. NS t = -0.95, d.f. = 14
3. Average proportional
use of floral group
Eucalyptus spp. * f = +3.22, d.f. = 14
Fabaceae spp. * t = -2.62, d.f. = 14
Leptospermum spp. NS t = -1.47, d.f. = 14
Acacia spp. NS t = -0.70, d.f. = 14
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3.4 Discussion
3.4.1 Honey bees do not adversely impact on A. morosus despite
overlapping resource use and the large experimental perturbations
imposed
As the present study has demonstrated, A. morosus and honey bees 
have overlapping use of floral resources. Observations over eight sites and 
two years indicated that pollen use by A. morosus and honey bees 
overlapped, on the average, by approximately 52% during brood production 
by A. morosus (Table 3.2). Despite this substantial overlap, however, there 
was no evidence that honey bees adversely impacted on A. morosus, either 
in terms of pollen use by A. morosus during the brood-rearing season or the 
demographic performance of A. morosus. This is perhaps surprising given 
(i) the moderately high degree of overlap in pollen use, and (ii) the large 
treatment conditions imposed at each experimental site. The placement of 
six commercial-size honey bee hives at each experimental site was well 
above the background densities of feral honey bees in these study areas. As 
the results of the honey bee baiting experiments within control sites had 
indicated, these densities were likely to be very low (Appendix E).
Competition theory predicts that if exploitative competition occurs 
between two species with overlapping resources, then the two species 
should diverge in niche utilisation over time (Keddy 1989; Barbault and 
Sastrapradja 1995). Another prediction of competition theory is that if 
exploitative competition occurs between two species with overlapping 
resources, there should be a demonstrable change in fecundity or survival of 
at least one species (Keddy 1989; Roubik 1989,1996a,b; Barbault and 
Sastrapradja 1995; Thorp 1996). However, there was no unequivocal 
evidence of these patterns occurring in this study, as is now explained under 
three points.
1. There were no consistent trends detected in the proportion of 
different pollen types used by A. morosus in control versus experimental 
sites. Firstly, A. morosus sourced a significantly greater proportion of
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Eucalyptus spp. pollen in control sites than experimental sites in year one 
(Table 3.1; Fig. 3.1). However, in the second year, this trend was reversed, 
although it was not statistically significant (Table 3.1; Fig. 3.1). These trends, 
although suggestive of honey bees causing A. morosus to shift their pollen 
use away from eucalypts in the first year when eucalypt floral resources were 
comparatively lower (Fig. 3.11), need to be examined in context. Specifically, 
honey bees used comparatively little eucalypt pollen in the first year 
(average equal to about 25%) compared with the second year (average equal 
to about 51%) (Fig. 3.2). Secondly, A. morosus did not use significantly 
different proportions of pollen from legumes (Fabaceae spp.) in 
experimental versus control sites, in either year (Table 3.1; Fig. 3.1). Thirdly, 
use of Leptospermum spp. pollen by A. morosus was statistically the same 
between control and experimental sites in both years (Table 3.1; Fig. 3.1). 
Lastly, A. morosus used a significantly greater proportion of Acacia spp. 
pollen in experimental sites than control sites in the first year (Table 3.1), 
however, Acacia pollen comprised only a small fraction of total pollen use 
by A. morosus (Fig. 3.1).
2. The degree of overlap in pollen use between A. morosus and honey 
bees did not change appreciably from the start to the finish of either brood 
production season, except for a dip in percentage similarity scores that 
equate approximately to mid-season (Table 3.2). This pattern mostly reflects 
honey bees switching their foraging to Hypochoeris radicata mid-season 
(Figs. 3.3-3.10). Although A. morosus was utilising other hosts during this 
period, it is unlikely that this was due to A. morosus being shifted off H. 
radicata by honey bees, since there is no evidence from either this or other 
studies that H. radicata is a pollen source for A. morosus (Michener 1965; 
Houston 1969; 1975; Armstrong 1979; Cardale 1993).
3. No significantly adverse effects of honey bee treatment effects on any 
of the variables of demographic performance of A. morosus measured in 
this study were found (Appendix L; Figs. 3.23-3.36). Furthermore, the lack of 
any detectable negative effect of honey bees on these variables applies to all 
nest types of A. morosus, regardless of the number of adult females present,
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or whether the nest was newly-founded or reused (Appendix L; Figs. 3.23- 
3.36).
There was one exception to this pattern of non-significant effects of 
honey bees on the demographic performance of A. morosus. The 
proportion of new nests with one adult female was significantly higher in 
experimental sites than control sites in the second year (Appendix L; Fig.
3.36) . This apparently counter-intuitive result cannot be simply explained 
by a coincidental occurrence of differential resource abundances between 
control and experimental sites. Essentially, this potential effect had been 
factored out of the various statistical models employed because these models 
corrected for variation owing to random site effects. It is an interesting 
result given that the first year did not yield a similar result. In year one, the 
proportion of new nests with one adult female was statistically the same in 
control and experimental sites (Appendix L; Fig. 3.36). These patterns 
suggest that the interaction between A. morosus and honey bees is mediated 
by factors other than merely resource levels. In turn, these factors probably 
vary according to changes in environmental conditions between years. This 
potentially complex issue is pursued below as part of an analysis of why 
there was no detectable impact of honey bees on A. morosus.
3.4.2 Why was no adverse impact of honey bees on A. morosus detected?
The potential for A. morosus and honey bees to compete for 
resources, although they have overlapping pollen use, is likely to be 
modified by the action of several ecological and evolutionary factors. A. 
morosus and honey bees inhabit spatially heterogeneous and temporally 
variable environments, have various kinds of direct and indirect 
interactions with other organisms (e.g. floral hosts and natural enemies) 
and display behaviours that are shaped by various evolutionary processes.
The next section will consider how various factors could have 
influenced potential competitive interactions between honey bees and A. 
morosus to explain the patterns of demographic performance observed for 
A.morosus within this study. A series of hypotheses are proposed to explain
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why the occurrence of exploitative resource competition between A. 
morosus and honey bees may be low or absent.
3.4.2.1 Floral resource use by both species varied spatially and temporally
Spatial heterogeneity and temporal variability have often been 
found to increase the potential for coexistence between competing species 
(Keddy 1989; Barbault and Sastrapradja 1995). A good example is where 
competitive interactions between two species are dampened by differential 
patch use of the same resource (Pickett and White 1985), which implies that 
two species may actually share less of the resource base than that ascertained 
in the absence of any spatial data on shared resources. Applying this 
prediction to the present study, it may therefore be possible that although 
the use of pollen resources by A. morosus and honey bees overlapped by 
about 50% in each year, this statistic may be less biologically significant for 
two possible reasons.
1. It is possible that although A. morosus and honey bees used the 
same plant species, they foraged either on different individual plants or on 
the same individual plants but at different times of the day, which means 
that resource overlap could actually be much less than the percentage 
similarity calculated here would imply. The effect of variable temporal and 
spatial patterning of resources on foraging behaviour has been studied in 
other bee species that forage within the same habitat (Johnson and Hubbell 
1975; Inouye 1978; Schaffer et al. 1979; Roubik 1980; Stanton and Tepedino 
1981; Ginsberg 1983). These studies generally indicate that potentially 
competing species may coexist provided that resources are well dispersed in 
time and space, and that there is inter-specific variation in foraging 
responses by potentially competing species to those resources.
For example, Johnson and Hubbell (1975) suggested that two species 
of Trigona bees with overlapping resources may coexist on a single resource 
provided that the resource has a highly variable spatial dispersion pattern, 
and that areas with thinly-spread resources are able to be harvested by only 
one species. Floral abundances in the present study were also indicated as
149
being highly spatially distributed, based on the floral data collected on 
transects and made incidentally within sites. Previous studies have 
reported that plant distributions within temperate montane eucalypt forests, 
such as the ones studied here, are typically very heterogeneous, due to 
differences in factors such as topography, stream coverage, soil type and 
levels of past disturbance (Costerman 1983; Land and Conservation Council 
1991, Commonwealth of Australia 1997b). Furthermore, some plant species 
within such forests show high within-population variability in flowering, 
particularly eucalypts (House 1997).
Another example is that of Schaffer et al. (1979), who hypothesised 
that temporal variation in the foraging behaviour of three species of bee 
(honey bees, Bombus sonorus and Xylocopa arizonensis) on plants of a 
single species allowed these bees to coexist on that resource. Several studies 
have reported that honey bees usually began foraging several hours earlier 
in the day than native bees (e.g. desert areas of Arizona: Schaffer et al. 1979; 
and open woodland habitats within 'Mediterranean climate' areas of 
southern Australia: Paton 1993; Horskins and Turner 1999). Interestingly, 
Horskins and Turner (1999), in their study of foraging patterns of honey bees 
and native insects (including two Hylaeus species) on Eucalyptus costata, 
found that nearly all early morning visits to flowers by honey bees was for 
the purpose of pollen collection, and that foraging for nectar by honey bees 
did not occur in substantial numbers until after native insects were active.
As to whether A. morosus and honey bees were foraging in different 
ways on available floral resources can only be speculated upon at this stage, 
given that the foraging behaviour of A. morosus has yet to be studied. It is 
possible that A. morosus and honey bees may have different foraging 
'currencies' or strategies, thereby effectively partitioning their use of the 
same floral resources, and thus reducing potential competitive interactions 
between them. Schmidt-Hempel et al. (1985) and Schmidt-Hempel (1987) 
showed that the foraging 'currency' of individual honeybees for nectar is to 
maximise energy efficiency rather than to maximise their net rate of total 
energy intake or some other currency predicted under Optimal Foraging
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theory (Pyke et al. 1977; Stephens and Krebs 1986). This is because foraging is 
metabolically expensive for honeybees which have high rates of oxygen 
consumption when flying (Schmidt-Hempel et al 1985; Schmidt-Hempel 
1987; Moritz and Southwick 1992). Furthermore, metabolic rates of 
honeybee foragers and their body masses are positively correlated (Wolf and 
Schmidt-Hempel 1989). This means that the costs of a honeybee forager 
continuing to visit increasingly more flowers (in terms of metabolic costs of 
flying or vulnerability to predators) begin to outweigh the benefits of 
gathering more resource after a smaller number of flower visits than 
othewise would be expected if honeybees were merely trying to achieve the 
greatest nectar load. Given that honeybee colonies are very large, the 
implication of this result is that honeybees must target patches offering 
comparatively higher rewards than if they used a simple energy 
maximisation strategy for foraging. Pyke (1982) showed that foraging by 
bumblebees followed a strategy to maximise their net rate of energy gain. 
Since no comparative data on colletid bees exist, one can only presume that 
A. morosus also tries to maximise total energy gain per unit time when 
foraging. If this is the case, then since A. morosus is probably a strong flyer 
and rarely forms colonies of more than two adult females during brood 
production, then A. morosus may not necessarily be restricted to high- 
reward patches, but can access more widely dispersed floral patches. Clearly, 
there is a clear need to quantitatively determine the timing, frequency and 
duration of foraging by A. morosus in relation to local weather conditions, 
floral resource levels and the presence of honey bees.
2. The mean percentage similarity score in pollen use between A. 
morosus and honey bees is a highly aggregated average. It was calculated by 
averaging proportional pollen use scores over sample times, sites, brood 
cells of A. morosus and honey bee foragers. However, there were times 
during early summer, roughly equivalent to the middle of brood production 
by A. morosus, when honey bees were using H. radicata pollen much more 
than any of the floral groups that A. morosus was using at that time, as 
reflected by the lower mid-season percentage similarity scores (Table 3.2) and 
by Figs. 3.3-3.10. Larger sample sizes than were used in this study are needed
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to more accurately estimate percentage similiarity in floral resource use 
between the two species. Within-season destructive sampling of brood cells 
and foraging individuals of A. morosus are needed to obtain more precise 
information on the timing of pollen use by A. morosus in relation to floral 
phenologies. Finer taxonomic-scale identifications of pollen are also 
needed, though this may necessitate changing from oil-immersion light 
microscopy to scanning electron microscopy techniques.
It is interesting that honey bees switched mid-season in both years to 
the introduced weed, H. radicata (Asteraceae) or 'false dandelion' (Gailbraith 
1977), given that eucalypts among other potental hosts, were flowering 
during this period. This is a somewhat surprising pattern because many 
studies have shown eucalypts to be preferred hosts of honey bees (Paton 
1996; Gibbs and Muirhead 1998). Honey bees then switched back to eucalypts 
when H. radicata effectively finished flowering in mid- summer. Free (1968) 
observed a similar pattern in apple orchards where honey bees brought in to 
pollinate flowering apples switched to flowering dandelion, Taraxacum 
officinale (Asteraceae) which was growing, like H. radicata in this study, as 
an invasive weed within disturbed areas (e.g. clearings between trees and 
roadside verges). It may be useful to further examine why honey bees are 
attracted to the flowers of H. radicata because its demonstrated attractiveness 
to honey bees may have implications for the effectiveness of honey bees 
pollinating native plants in disturbed forest habitats, as well as the 
management of commercial hives for honey production in such habitats. 
Previous unpublished work indicates that H. radicata can be relatively 
attractive to honey bees because of its higher fat content compared with 
many other native plant species, including several Eucalyptus spp. (D. 
Somerville, pers. comm.). Other factors such as the relative sugar content of 
nectar from H. radicata flowers, as well the relative proximity of patches of 
flowering H. radicata to honey bee hives are also likely to be important.
Finally, it is also interesting that A. morosus foraged for pollen on a 
reasonably wide range of floral groups, each possesing quite different floral 
morphologies. The pollen hosts used by A. morosus in this study reflects
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those reported by previous studies (Michener 1965; Houston 1969, 1975, 
Armstrong 1979; Cardale 1993). These hosts included the 'shallow-cupped' 
myrtaceous flowers of eucalypts and Leptospermum, and the flowers of 
legumes which can have complicated floral structures (Kalin Arroyo 1981). 
Additionally, A. morosus used small amounts of pollen from Acacia, which 
have globular flower heads, and unlike the above plants, usually do not 
present nectar within flowers, but rather as extra-floral nectaries 
(Costermans 1983; Bernhardt 1987). It may be useful to find out what factors 
attract A. morosus to these different floral hosts, since pollen alone is not 
typically as an attractive reward for insects compared with a combination of 
pollen and nectar (Kearns and Inouye 1993). Detailed observations of the 
bees working flowers of different plant species are needed.
3.4.2.2 Floral resource levels were not limiting for A. morosus
Competition theory predicts that under low levels of resource 
availability, the intensity of two potential competitors should be greater as 
there is less to share (Keddy 1989; Barbault and Sastrapradja 1995). While 
there may be some indirect evidence to support this hypothesis (see below), 
it is actually a difficult hypothesis to test directly because quantitative 
measures of floral resources for bees have interpretative and logistic 
difficulties associated with them. These difficulties have been reported in 
numerous other studies (Tepedino and Stanton 1981; Baker and Baker 1983; 
Schaeffer et al. 1979, 1983; Roubik and Buchmann 1984; Roubik 1989, 1996a,b; 
Beardsell et al. 1993; Kearns and Inouye 1993; Paton 1990, 1995; House 1997); 
and they can be categorised under three points.
1. It is very difficult to measure resource levels in the field in a way 
that is important from the 'view point' of a bee. That is, nectar or pollen 
standing crops as measured by an experimenter may not include a number 
of variables that are potentially important to the bee. For example, bees may 
use different foraging strategies or 'currencies' (Pyke et al. 1977; Stephens and 
Krebs 1986; refer above), or they may prefer to forage only on flowers subject 
to direct sunlight, or they may require critical thresholds of sucrose
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concentration to occur within flowers before accessing them (Roubik 1989; 
Kearns and Inouye 1993).
2. Pollen and nectar availability is highly variable between species, 
within species, and even between individual flowers on the same plant.
This availability may also be influenced by many factors such as the time of 
season, time of day, age of flower, ambient temperature and relative 
humidity (Roubik 1989; Kearns and Inouye 1993).
3. Strict logistic constraints prevented actual resource levels from being 
measured in the present study. Firstly, there was a lack of time and 
opportunity to conduct a comprehensive study on the factors affecting 
pollen and nectar availability. Secondly, previous studies have indicated 
that A. morosus forage extensively on eucalypts (Michener 1965; Armstrong 
1979), which can grow to over 20 metres high in these types of forests 
(Costermans 1983; Land and Conservation Council 1991). The results of this 
study supports these observations with A. morosus generally making 
extensive use eucalypt pollen across all sites (Table 3.1; Figs. 3.1, 3.3-3.10). As 
a consequence, it was practically impossible to access these trees on a regular 
basis to measure levels of nectar and pollen. Similar logistic constraints 
have prevented other studies of honey bee-native bee competition from 
directly measuring resource levels in the field (e.g. Tepedino and Stanton 
1981; Schwarz et al. in press).
Various data from the present study nevertheless suggest that there 
was a greater amount of floral resources available to A. morosus and honey 
bees in year two than year one. For example, A. morosus and honey bees 
used a greater proportion of eucalypt pollen in the second year (Table 3.1; 
Figs 3.1-3.2). In the case of A. morosus, this pattern was probably in response 
to there being a greater incidence of eucalypts flowering then (Table 3.3; Fig. 
3.11). This explanation is likely to hold for honey bees as well.
Leptospermum plants also appeared to flower earlier and slightly more 
abundantly in the second year (Figs 3.12-3.13). These plants, like other 
myrtaceous species with 'shallow-cupped' flowers (e.g. eucalypts) are
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presumably good nectar sources for short-tongued bees such as A. morosus 
(Michener 1965, 1979), and honey bees have been shown to access a wide 
range of myrtaceous species for nectar (Paton 1996; Gibbs and Muirhead 1998; 
Schwarz et al. in press). Furthermore, A. morosus and honey bees had 
greater opportunities to forage for these floral resources owing to more 
favorable weather conditions prevailing during the second brood-rearing 
season (Figs 3.20-3.22).
Consequently, if resources were limiting at any time in this study 
then they were more likely to be limited in the first year compared with the 
second. Flowever, there was no evidence of any effect of honey bee 
treatment on any of the variables of demographic performance of A. 
morosus measured in the first year. That is, brood production, pupal 
weights, and adult and nest survivorship were not significantly different 
between control and experimental sites, despite there being a much larger 
biomass of bees (A. morosus plus honey bees) within the latter sites. A 
possible explanation for this pattern is now discussed. This explanation 
focuses on the extent to which honey bees depleted the standing crop of 
pollen and nectar, under the environmental conditions presented to them. 
This section will end with a discussion of the possible extent to which floral 
resources and weather-related factors affected the demographic performance 
of A. morosus, based on some very interesting results that have emerged 
from the present study.
Despite there being apparently fewer resources available in the first 
year, especially, eucalypts, honey bees were not removing a sufficient 
amount of the standing crop to cause a negative impact on the demographic 
performance of A. morosus. The mechanisms causing this pattern are 
unclear, but two possible reasons exist.
1. The standing crop in year one was still greater than the actual level 
that would cause 'crunch' conditions promoting competitive interactions 
between various species foraging for pollen in these habitats, including A. 
morosus and honey bees. In a field study within Banksia ornata heathlands
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of South Australia, Paton (1995) showed that honey bees reduced available 
nectar, and especially pollen. However, the level of depression was 
insufficient to affect the abundances of honeyeaters, silky mice or native 
bees, although the latter were not a significant part of the flower-visiting 
fauna in that study. Similar work on A. morosus and honey bees is needed.
2. The comparatively cooler and wetter conditions in the first year may 
have reduced available foraging opportunities for honey bees, and hence 
their ability to substantially reduce the standing crop. Previous studies have 
shown that honey bees might have lower temperature thresholds for 
foraging than native insects (Schaffer et al. 1979; Paton 1993), but that 
potential foragers rarely leave their hives under conditions of low air 
temperature (around 10 °C), or when it is rainy (Moritz and Southwick 
1992). Furthermore, honey bee hives, which can consist of several 
thousands of workers, can tolerate cooler conditions by behavioural 
adjustments such as 'huddling' behaviour (Moritz and Southwick 1992). As 
a consequence, this means that honey bees would generally spend less time 
foraging under cooler conditions. Honey bees in hives also attempt to 
maintain core hive temperatures above 35 °C (Moritz and Southwick, 1992). 
Hence, when temperatures are lower, hives burn carbohydrates at faster 
levels to maintain hive core temperatures, as well as undertake other 
energetically-demanding activities such as brood comb construction. Thus, 
honey bees colonies operate under quite large 'within-nest' energy 
constraints, whereas these types of constraints would not apply to A. 
morosus based on observations of its nesting behaviour. Previous studies 
have demonstrated the critical importance of nectar and pollen levels to 
maintaining honey bee colony performance (Roubik and Buchmann 1984, 
1989, 199a,b; Mortiz and Southwick 1992). Applying these findings to the 
present study, this means that the comparatively much lower temperatures 
during late spring-early summer of the first year (Fig. 3.20-3.21) might have 
increased carbohydrate needs of honey bees, but that the lower temperatures 
and relatively higher rainfall during this period (Fig. 3.20-3.22) might have 
also reduced their opportunities for obtaining nectar and pollen. The 
finding that honey bee performance was comparatively lower in year one,
156
though marginally non-significant (Appendix L; Fig. 3.37), supports this 
argument. Additionally, honey bee hives required more direct 
supplemental feeding of sucrose solutions during the season in the first year 
compared with second year, in order to maintain colony productivity.
Several lines of indirect evidence, when examined simultaneously, 
indicate that the demographic performance of A. morosus was influenced by 
floral resource levels, temperature and rainfall. Support for this argument 
is presented under four points.
1. The demographic performance of A. morosus (brood production, 
pupal weights, survival of brood and number of nests with at least one 
adult) was significantly higher in the second year compared with the first 
(Appendix L; Figs. 3.23-3.36). Annual variation in the demographic 
performance of bees has been reported in numerous other studies 
(Sakagami 1977; Seeley 1978; Torchio and Tepedino 1980; Tepedino and 
Stanton 1981; Tepedino and Torchio 1982a; Roubik 1983; Roubik and 
Ackerman 1987; Roubik 1989, 1996a,b; Cane and Payne 1993; Richards and 
Packer 1995; Thorp 1996; Oldroyd et al. 1997; Schwarz et al. in press). These 
studies generally note that floral resource levels and ambient temperatures 
during nesting are important factors explaining such variation.
2. Temperatures preceding nest founding and during late season brood 
production were comparatively warmer in year two of this study (Figs. 3.20- 
3.21). Conditions also tended to be relatively drier during mid-late brood 
production in year two (Fig. 3.22). Plence, foraging opportunities for A. 
morosus during brood production were probably much higher in the second 
year compared with the first.
3. A. morosus tended to respond in a fairly consistent way to changes 
in the relative abundance of eucalypt resources. Its use of eucalypt pollen 
was positively correlated with changes in the overall abundance of 
flowering eucalypts observed throughout the brood-rearing season at 
different sites (Table 3.3). Furthermore, it used a greater proportion of
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eucalypt pollen in year two (Table 3.1; Fig. 3.1), which appeared to have 
more eucalypts in flower at an earlier stage of the brood-rearing season than 
year one (Fig. 3.11).
4. After removing the statistically significant effects of season, sex and 
nest category on pupal weights; pupal weights were significantly correlated 
with changes in parameters reflecting (i) the cumulative frequency of 
individual plants of a floral group flowering on transects during the brood­
rearing season at different sites; (ii) the cumulative frequency of individual 
species of a floral group flowering during the brood-rearing season within 
different sites; and (iii) the average proportional use of a floral group at 
different sites (Table 3.4). Subsequent analyses revealed that pupal weights 
were positively correlated with both the proportion of eucalypt pollen in 
brood cells and the cumulative frequency of individual Eucalyptus spp. in 
flower at sites in both years (Table 3.5). However, none of these three 
parameters significantly affected total brood production, once the statistically 
significant effects of season and nest category on brood production had been 
removed (Table 3.5).
These results have interesting implications for understanding the 
brood provisioning behaviour of A. morosus. This is because pupal weights 
of A. morosus were significantly and positively correlated with amount of 
eucalypt pollen in brood cells, but significantly and negatively correlated 
with the proportions of legume and Acacia pollen used (Table 3.6). On the 
other hand, total brood production in A. morosus was not correlated with 
any measure of floral abundance or the amount of different pollen types 
within brood cells (Table 3.5).
A possible explanation for the pupal weights pattern is that under 
conditions of comparatively higher availability of eucalypt pollen resources 
and greater foraging opportunities (as was experienced in the second brood 
production season), the heavier pupal sizes of A. morosus are due to either 
more pollen being provisioned and/or pollen of nutritionally higher quality 
being used. Previous studies of the nutritional value of different pollen
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types used by honey bees (Kleinschmidt and Kondos 1978; van der Moezel et 
al. 1987) have not demonstrated that pollen from eucalypts has consistently 
higher concentrations of various chemical constituents (e.g. crude protein 
content, essential amino acids, nitrogen and other elements) than those of 
other plant groups (e.g. legumes, Acacia and H. radicata). This suggests that 
heavier pupal weights in A. morosus may be a response to greater amounts 
of eucalypt pollen being provisioned into cells, rather than eucalypt pollen 
being qualitatively better for larval development than other pollens. One 
possible test of this hypothesis may be to analyse pupal weights of A. 
morosus in relation to the volume and the chemical composition of 
various pollen-nectar mixes used by larvae, perhaps by using enclosed 
glasshouse experiments and restricting A. morosus to forage only on one 
floral species or group during certain periods of the brood-rearing season.
Since total brood production in A. morosus did not appear to be 
affected by floral resource levels, but rather weather favourability, this 
would suggest that brood production rates in A. morosus are limited 
principally by the amount of time available to produce brood between initial 
nest construction and the sealing of the final brood cell. In summary, direct 
observations of foraging and cell provisioning by A. morosus in response to 
changes in weather conditions and, if possible, available floral resources are 
required.
3.4.23 Predation of honey bees kept their numbers low, thereby reducing
their competitive impacts on A. morosus
In the second year, there was a significantly greater proportion of 
new nests with an adult female in experimental sites compared with control 
sites. A similar trend for reused nests with at least one adult female was 
found, though it was not significant. A possible explanation behind these 
patterns could be as follows. In year two, shared predators of A. morosus 
and honey bees such as birds or ants, operating in the general vicinity of 
sites (e.g. at flowers, and nest entrances), may have cued into the increase of 
bee biomass {A. morosus + honey bees) within experimental sites. By 
substituting A. morosus for honey bees as prey within experimental sites,
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these predators may have had the indirect effect of increasing the apparent 
survival of A. morosus in the presence of honey bees, which is an 
unexpected result. Schwarz et al. (in press) reported a similar result in their 
study of exploitative resource competition between honey bees and 
Exoneura nigrescens, in which the survival of nests of E. nigrescens was 
enhanced in experimental sites (honey bee hives added) versus control sites. 
The above hypothesis was originally described by Schwarz et al. (in press) as 
the 'predator-saturation' hypothesis. Additionally, Holt (1977) and Barbault 
and Sastrapradja (1995) review many instances in which competitive 
interactions between animal species with overlapping resource 
requirements have apparently been reduced because shared predators have 
indirectly benefited inferior competitors by not consuming them as much as 
superior competitors under certain conditions.
Interestingly, no such differential effects in survivorship of A. 
morosus between experimental and control sites were detected in the first 
year of this study. One possible explanation for this pattern is that the 
warmer conditions and the apparently higher resource availability in year 
two may have promoted increased foraging activity by bees and thus, greater 
exposure to predators away from the nest. The warmer and comparatively 
drier conditions late in the season of the second year may have also led to 
increased foraging by invertebrate predators such as ants at flowers. Mark- 
recapture studies of A. morosus in honey bee-enhanced versus control sites 
are needed to test this hypothesis.
3.4.2.4 A. morosus and honey bees have divergent niche requirements
owing to long-term competitve interactions between them.
Australian native bees have potentially been exposed to honey bees 
for over 150 years since feral honey bees first proliferated through the 
Australian forests in the mid-19th century (Paton 1996; Butz-Huryn 1997).
In the case of A. morosus, which is distributed widely through the forests 
and heathlands of southern and eastern Australia (Houston 1969; 1975) and 
has a univoltine lifecycle in these regions (refer Chapter 2), this translates 
into approximately 150 generations of selection to evolve slightly different
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niche requirements (e.g. floral resource requirements, time of day of 
foraging) to reduce competitive interactions between it and honey bees. 
Consequently, the patterns observed now may be the result of niche shifts 
that may have occurred at the time feral honey bees first colonised 
Australian forests. That is, the 'ghost of competition past' (sensu Connell 
1983).
This would be a very challenging hypothesis to test. While data 
from the baiting experiments within this study indicate that feral honey bee 
densities were probably close to zero, and hence, selection pressure from 
feral honey bees are negligible in the Black Range and Toolangi State 
Forests, these data refer to the present situation and cannot be used to 
generate any hypotheses regarding what might have been the case in the 
past. Perhaps one way of assessing this hypothesis would be to estimate past 
densities of honey bees in the forests using historical records of feral honey 
bees abundances and placement of managed hives in these forests and 
compare to them to the levels of honey bees placed into experimental sites 
in the present study. If present honey bee treatments were shown to be 
much lower than than estimates of past densities of honey bees based on 
these records, then this hypothesis may have some support. However, 
given that such long-term records do not exist (M. Morely pers. comm.), 
then the possibility of testing this hypothesis is severely limited. 
Furthermore, since feral honey bees tend to be much more prevalent in 
heathlands and open eucalypt woodlands in warmer areas than temperate 
montane forests (Paton 1996; Oldroyd et al. 1997), then little a priori support 
can be found for this hypothesis.
3.4.3 Summary and conclusions
Some previous studies of honey bee-native bee competition have 
simply measured changes or shifts in foraging behaviours of native bees in 
the presence or absence of honey bees. However, an increase in foraging 
activity by native bees may simply be caused by an increase in favourable 
ambient conditions, rather than any competitive interactions with honey 
bees; or it may be due to increased competitive pressure from honey bees,
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because this interaction may be forcing the native bees to forage farther 
afield. Such studies are particularly difficult to translate into population- 
level consequences when supplementary data on the actual determinants of 
the net reproductive rate of the native bee, that is, fecundity and survival, 
are not collected.
This study measured variables that can be considered as 'bottom 
line' variables with respect to potential floral resource competition between 
A. morosus and honey bees. Specifically, these variables were related to the 
demographic performance of A. morosus (e.g. brood production, pupal 
weights, survival of brood, and frequency of nests with adult females) in 
experimental sites (artificially enhanced honey bee densities) versus control 
sites (no enhancement of honey bee densities). Importantly, these variables 
are more directly associated with changes in fitness of A. morosus than are 
detectable changes in foraging behaviour.
The densities of honey bees placed into the Black Range and 
Toolangi State Forests, that is, six commercial-size honey bee hives per 
experimental site, were probably much greater than the background or base­
line densities of feral honey bees existing there. As the results of the baiting 
experiments within control sites demonstrated, the background densities of 
feral honey bees in these forests were virtually zero. And yet, despite the 
large perturbation to the system represented by the placement of six honey 
bee hives per experimental site, and the fact that honey bees and A. morosus 
showed substantial overlap in floral use, this study did not find any 
statistically detectable negative impact of honey bees on the demographic 
performance of A. morosus.
Four hypotheses may explain the lack of any detectable impact of 
honey bees on A. morosus. One, A. morosus and honey bees vary in their 
use of the same floral resources over time and space. Two, floral resources 
were not limiting for A. morosus. Three, the increase in biomass of bees in 
experimental sites, reduced the potential impact of honey bees on A. 
morosus through the effects of 'predator-saturation'. Four, A. morosus may
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have slightly shifted its niche resource requirements as a selective response 
to long-term exposure of honey bees, thus making any present day 
competitive interactions difficult to detect. However, only the first three 
hypotheses present themselves as likely and testable hypotheses. 
Considerably more work is required to test these hypotheses.
In conclusion, it is unlikely that A. morosus would be adversely 
affected by feral honey bees in the Black Range and Toolangi State Forests, 
especially since the densities of the latter are probably quite low in these 
particular forests.
163
CHAPTER 4
Assessment of patterns of 
numerical and investment sex ratios in A. morosus
4.1 Introduction
Selection operates on individual animals to allocate their available 
resources (e.g. gathered food) to reproduction in a way that maximises their 
fitness. Trade-offs between relative numbers of daughters and sons, and their 
relative sizes are to be expected (Charnov 1982; Clutton-Brock and Godfray 1991; 
Crozier and Pamilo 1996; Bourke 1997; Strohm and Linsenmair 1997a,b).
Fisherian arguments predict that that there should be relatively equal 
investment in, or allocation of resources to, both male and female offspring due 
to frequency-dependent selection (Fisher 1930; Shaw and Mohler 1953). Thus, if 
one sex is the less costly to produce (e.g. it requires fewer food resources to 
complete development), then it should be the more common sex, and as a 
consequence, population-wide investment in male offspring should therefore 
equal that of female offspring. These arguments assume large panmictic 
populations and no fitness interactions between close relatives of one sex or the 
other. Equal investment by parents in both sexes has been shown to predominate 
in animal species (Clutton-Brock and Godfray 1991; Bourke 1997). Plowever, 
while Fisherian arguments apply to populations, they do not necessarily hold for 
individual parents and their progenies. Individual parents might benefit from 
biasing the sex of their offspring depending on ecological, social or physiological 
conditions. Furthermore, persistent deviations from equal investment in male 
and female offspring in some species may indicate atypical and therefore, 
interesting underlying breeding and mating systems, and conditional investment 
strategies (Charnov 1982; Crozier and Pamilo 1996).
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The sex determining mechanism in Hymenoptera allows adult females to 
control the sex of their offspring, with unfertilised eggs developing into males and 
fertilised eggs into females (Cook 1993). Arrhenotoky allows sex allocation in 
hymenopteran species to more readily respond to changes in ecological, social or 
physiological conditions (Charnov 1982; Crozier and Pamilo 1996).
4.1.1 Deviations from equal investment in male and female offspring in
animals- pattern and causation
Deviations from 1:1 allocation in male and female offspring may arise in 
two general ways. The first concerns the case where there are non-linear fitness 
returns for investment in offspring of either sex, while the second relates to linear 
fitness returns in offspring. These cases are now explained further.
If there exist non-linear fitness returns in one or both sexes as a function 
of investment, there can be selection for population-wide sex allocation bias in 
either males or females. These non-linear fitness returns usually involve 
competitive or cooperative interactions among close relatives of one sex or the 
other (Taylor 1981; Crozier and Pamilo 1996). Three familiar classes of such 
interactions exist, namely, local mate competition (LMC; Alexander and Sherman 
1977); local resource competition (LRC; Clark 1978); and local resource 
enhancement (LRE; Schwarz 1988, 1994).
LMC results when sons stay together as a group, and brothers compete 
with brothers for a limited number of mates. Since a female will mate with a 
male, regardless of the size of the male group encountered by the female, then 
selection should operate to minimise the number of sons produced, thereby 
resulting in female-biased sex ratios (Crozier and Pamilo 1996). LMC has been 
reported in the bee Andrena jacobi (Paxton and Tengo 1996), and is well known in 
fig wasps (Herre et al. 1997) and some parasitic wasps (Charnov 1982; Broult 1991).
Under conditions leading to LRC (Clark 1978), sons disperse widely, but 
daughters do not. Hence, intra-specific competition for resources (e.g. nesting
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sites, territories and food) between daughters is likely to be high, especially if 
daughters do not disperse, and therefore compete with sisters for limited 
resources. As a consequence, more male-biased sex ratios would be favoured by 
selection (Crozier and Pamilo 1996). LRC has been reported in the bees Calliopsis 
pugionis (Visscher and Danforth 1993) and Andrena jacobi (Paxton and Tengo 
1996).
If fitness returns through daughters increases disproportionately with 
respect to increased investment in daughters, then such conditions would lead to 
LRE (Schwarz 1988, 1994; Crozier and Pamilo 1996). In the Australian bee 
Exoneura bicolor, mean fitness of daughters is a non-linear function of number of 
female offspring, such that fitness is highest at intermediate brood sizes and lower 
in smaller and larger broods. Since male fitness depends on help from sisters 
which, for example, actively cooperate in defence of nests and foraging, then small 
to intermediate brood sizes are predicted to have female-biased sex ratios. 
However, as brood sizes grow larger, mothers gain ever diminishing returns from 
having more daughters (e.g. due to saturation of benefits), thus resulting in 
progressively less female-biased sex ratios being favoured.
If fitness returns are a linear function of investment, but the value of 
larger females or males under certain ecological or social conditions is greater 
than that for the opposite sex, then the best strategy of an individual mother 
would be to bias her sex allocation towards that sex which makes best use of her 
ability to produce large offspring. This 'conditional sex allocation' model was 
developed by Trivers and Willard (1973) for polygynous mammals, but it has been 
applied to many other vertebrate and invertebrate taxa (Charnov 1982; Frank and 
Swingland 1988; Crozier and Pamilo 1996; Strohm and Linsenmair 1997a). 
Whether conditional sex allocation leads to biased population sex-ratios depends 
on the predominance of conditions favouring the production of one sex over the 
other. Two examples are given below, followed by a caveat.
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Firstly, in red deer where there is great variance in male reproductive 
success with larger males getting more mating opportunities, differences in 
dominance rank between hinds affect the reproductive success of their sons more 
than that of their daughters (Clutton-Brock and Godfray 1991). This suggests that 
high ranking hinds should produce male calves, but that there should be selection 
for less vigorous or subordinate hinds to produce female calves resulting in an 
unbiased population-wide sex ratio (Clutton-Brock and Godfray 1991). Long-term 
studies of the red deer population on the island of Rhum supports this hypothesis 
(Clutton-Brock et al. 1984).
Secondly, the situation is reversed in many hymenopteran species. In 
these species, females benefit relatively more from large body size than males 
principally because male mating success is typically independent of size (i.e. larger 
males generally do not obtain more mates). Furthermore, larger female body size 
generally confers greater potential fecundity (Wilmer 1985; Sugiura and Maeta 
1989; Stark 1992; Honek 1993; King and King 1994; Strohm and Linsenmair 1997b) 
but there are exceptions to this general rule (Tepedino and Torchio 1982b;
Fröhlich and Tepedino 1986; Stearns 1992); enhanced provisioning ability 
(Torchio and Tepedino 1980; Strohm and Linsenmair 1997b); or greater 
survivorship potential relative to small females than that between large and 
small males (Torchio and Tepedino 1980; Tepedino and Torchio 1982b; Fröhlich 
and Tepedino 1986; Strohm and Linsenmair 1997b; Schwarz et al. 1998). Thus, 
more male-biased sex ratios are predicted under poor conditions, while better 
conditions should result in more female-biased ratios being produced. Osmia is 
an example of a well-studied bee genus reported to exhibit these adaptive sex ratio 
patterns in response to changes in seasonal conditions (e.g. age of mother, 
mortality rates, nectar and pollen supply, temperature-dependent constraints on 
foraging) (Torchio and Tepedino 1980; Tepedino and Torchio 1982a, b; Fröhlich 
and Tepedino 1986; Tepedino and Torchio 1989).
These two examples concerning conditional sex allocation also illustrate 
the concept of 'split sex ratios', in which groups of females contribute
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systematically different sex ratios to the same offspring generation (Grafen 1986, 
Boomsma and Grafen 1991, Crozier and Pamilo 1996). If there are groups of 
females within a population that have different cost-benefit ratios for producing 
males and females, then selection will favour the production of males by mothers 
with a comparative advantage in male production, and females by those with a 
comparative advantage in daughter production. For example, large females leave 
sons and small females leave daughters (as described above for red deer), or 
females in resource-rich habitats leave mostly daughters while those in resource- 
poor habitats leave mostly sons (as is the case for Osmia). Grafen's concept of split 
sex ratio makes the important point that though separate groups within a 
population contribute offspring with systematically different sex ratios to the same 
generation, the overall population-wide sex ratio remains unbiased under the 
conditions of linear returns in investment in either sex and population panmixis.
There is a caveat to these general patterns of conditional allocation. That 
is, rather than the sex ratio of the mother being conditional upon her vigour, 
mothers in some species may be selected to produce a mixture of small and large 
sons (or small and large daughters) depending on the competitive environment 
within which these sons or daughters are reared. For example, males in three out 
of seven Hylaeus spp. (Colletidae: Hylaeinae) that inhabit heathlands of Western 
Australia were reported to defend flowers or patches of flowers and attempt to 
copulate with females who come to feed at those flowers (Alcock and Houston 
1996). The males of these three species all possessed abdominal spines, which 
Alcock and Houston (1996) attributed as 'weaponry' used in grappling encounters 
with conspecific males over preferred flower 'perches'. Additionally, these three 
species exhibited male size dimorphism. Alcock and Houston (1996) further 
showed that in these three species, larger males are typically more successful in 
defending territories than smaller males, and as a result, would acquire more 
matings. However, smaller males which may not be able to vigorously defend 
territories, could also obtain matings by adopting 'satellite' behaviour such as 
flying the periphery of patches or hiding away within defended territories. Such 
mating systems with associated male size dimorphism also have been observed in
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other bee species, for example, Centris pallida (Alcock et al. 1977), Hylaeus 
alcyoneus (Alcock and Houston 1987), Lasioglossum erythrurum (Kukuk and 
Schwarz 1988), and Amegilla dazvsoni (Alcock 1996).
4.1.2 Sex allocation in linear cell provisioning xylophilous bee sp ec ies-
additional considerations
Mass-provisioning bees that produce a linear series of brood are usually 
xylophilous (i.e. either construct nest tunnels or use pre-existing tunnels within 
'twig-like' plant material such as dead fronds of treeferns or dead branches of 
trees) (Michener 1974), and generally make good subjects for studies of sex 
allocation. Investment in offspring in these species consists primarily of the 
resources necessary to build and provision the brood cells that constitute the nest. 
Each brood cell is provisioned with all the food an offspring will receive during its 
larval development because the cell is sealed (typically immediately) after laying 
an egg on the provisioned mass of pollen and nectar. Previous studies across a 
range of xylophilous bees (e.g. Xylocopa, Ceratina, Osmia spp.) have shown that 
pupal weights are indicative of provision weights (Torchio and Tepedino 1980; 
Johnson 1988; Stark 1992).
Some additional considerations need to be included when examining sex 
allocation in linear cell provisioning xylophilous bee species. Firstly, the 
geometry of the nest tunnel may influence the sex ratio of the progeny in the nest, 
where such bees attempt to nest in existing tunnels in wood. Since larger body 
size confers greater fitness advantage in daughters compared with sons, more 
female offspring are produced in tunnels of larger diameter, whereas more male 
offspring are produced in smaller tunnels. Examples include Megachile rotundata 
(Klostermeyer et al. 1973) and Osmia lignaria propinqua (Tepedino and Torchio 
1989).
Secondly, brood that are produced first in linear cell provisioning bee 
species, start their development sooner and are likely to complete their 
development earlier than those brood produced later in the season. Hence, if
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brood develop and then become adults in the same year, then mothers may be 
constrained by how many brood they can successfully hear" from egg to pupae 
throughout the season, because next generation adults would need to gain egress 
from the nest to collect food and mate at some later stage. The implication of such 
constraints is that once the mother has laid the first egg, she has analogously set a 
'clock ticking' to complete her provisioning within a limited period of time. As a 
consequence, the sex and size of the brood she provisions in innermost cells 
compared with those provisioned in outer cells might therefore be affected, 
particularly if there are different costs associated with producing males versus 
females. For example, if larger body size results in increased fitness returns in 
daughters compared with sons, and if larger provisions mean a slower 
developmental period from egg to pupae, then mothers should produce larger 
females first and smaller females or males later. The linear cell provisioning 
xylophilous species Megachile rotundata (Tepedino and Fröhlich 1984) and 
Xylocopa sulcatipes and X. pubescens (Gerling et al. 1983) are protogynous and 
produce females which are generally larger than males. These studies reported 
that emerging bees often waited until more recently produced nestmates had 
completed their development before attempting to move through cells to the nest 
entrance. However, if the development of these nestmates was delayed for too 
long a period, emerging bees either destroyed or circumvented these nestmates. 
Additionally, Tepedino and Fröhlich (1984) found that males circumvented nest 
mates more frequently than females did, presumably due to their relatively 
smaller size.
4.1.3 Why study sex ratio patterns in A. morosus?
As the study of the lifecycle and social behaviour of Amphylaeus morosus 
(Colletidae: Hylaeinae) in Chapter 2 showed, the species is univoltine in 
temperate montane areas of southern Australia. Nests are usually reused for 
brood production, though about 30% of nests were newly founded. New nests are 
founded in mid-late spring and available evidence suggests that nest reuse occurs 
earlier in mid-spring. Provisioning ceases in both types of nests in early to mid­
summer. In the moist-dry sclerophyll forests of temperate montane areas of
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southern Australia, A. morosus typically bores a single tunnel nest into the soft 
pithy centres of naturally excised fronds of the rough treefern Cyathea australis.
A. morosus is a suitable as well as an interesting candidate for studies of 
sex allocation for two reasons:
1. It is a xylophilous species that mass provisions brood cells and produces a 
linear series of brood (refer Chapter 2). Thus, sex allocation and parental 
investments can be assessed retrospectively using only pupal data.
2. While all new nests and most reused nests comprise one adult female, a 
surprisingly high proportion (-24%) of reused nests comprise two adult females 
during brood production (see Chapter 2). All adult females collected during brood 
provisioning phases are mated with mature ovaries. Furthermore, there is a 
fitness benefit to reusing a nest compared with nesting solitarily in terms of per 
capita brood production probably because new nests take longer to construct and 
thus brood production is delayed in such nests. Nonetheless, two-adult female 
reused nests do not differ significantly from one-adult female reused nests in per 
capita brood production, and the total number of parasitised and non-parasitised 
cell failures do not differ significantly between the different nest types. Hence, 
based on these parameters of life-history performance, there is no empirical 
evidence indicating the existence of cooperative cell provisioning behaviours or 
greater nest defence against parasitisation in multi-female versus single female 
nests. An examination of parental investment in these different nest types is 
needed, however, to complete the work on what are the comparative fitness 
benefits to multi-female nesting.
4.1.4 Study aims
This chapter assesses how the numerical and investment sex ratios of A. 
morosus vary in relation to different nest types, cell position within nests, and 
adult body size, as well as ecological factors such as weather and floral resource 
availability.
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4.2 Materials and methods
4.2.1 Study sites
Nests of A. morosus were collected from sites within the Black Range and 
Toolangi State Forests. Chapter 2 (Section 2.2.1) describes the location of these 
forests, the prevailing climate of the region (temperate 'Mediterranean'), the 
structure of the plant communities (overstorey dominated by Eucalyptus spp.), 
and the growth habits of rough treefern, C. australis- the dead fronds of which A. 
morosus uses as a nesting substrate in these habitats (Chapter 2).
4.2.2 Timing of sampling, and description of data series used
In this study, data were used from nests collected on 15 January 1993 and 
15 January 1994 from eight sites in the Black Range and Toolangi State Forests. 
These sites were part of another experiment examining floral resource 
competition between the introduced honey bee. Apis mellifera, and A. morosus, 
which ran over the spring-summer flowering season of two consecutive years 
(Chapter 3). Four of these sites had been subjected to experimental enhancement 
of honeybee density (addition of six hives per site), and the other four sites were 
control sites. Baiting experiments demonstrated that honeybee densities were 
virtually zero in these forests. Statistical analyses showed that for A. morosus, 
numbers of brood produced, male and female pupal weights, brood cell 
parasitisation by Gasteruption sp. and brood cell failure due to other non-specific 
causes, did not differ significantly between control and experimental sites 
(Appendix L). Hence, these 'experimental' and 'control' sites were pooled for the 
purposes of this study. Exactly 70 trap fronds (potential nests) and about 50 
existing nests were placed at each site in early spring when bees were still 
overwintering, following the methods described in Chapter 3 (Section 3.2.2.1).
4.2.3 Sampling and preservation of nests
Sampling and preservation of nests followed the methods described in 
Chapter 3 (Section 3.2.4).
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4.2.4 Dissection and colony data
The following variables were recorded for each nest of A. morosus: nest 
type ('reused' if the nest had been used for brood rearing in the previous season), 
or newly-founded’ if the nest had been a trap frond); wet weight, sex of each pupa 
(following illustrations of general bee morphology given in Michener 1974); cell 
position of each pupa; and the number of adult females, where adult female refers 
to adult females of the parental generation. The forewing length was recorded for 
each adult female, and was used as a measure of body size (Section 2.2.3, Chapter 
2). All of these data are contained in Appendix M. A random sample of pupae 
(consisting of both sexes across different cell positions) which were oven dried at 
50 °C overnight, indicated that wet weight of pupae was strongly correlated with 
their dry weight (r = 0.767, d.f. = 199) (Appendix F).
4.2.5 Statistical analyses
4.2.5.1 Techniques employed for specific data sets
The numerical sex ratio of a particular treatment group (e.g. the
population, a specific nest type x year treatment, an individual nest, or a 
particular cell position) was calculated as:
Total number of male pupae 4 - total number of pupae.
The investment sex ratio of a treatment group was calculated as:
Total weight of male pupae - 5 -  total weight of pupae.
These formulae are commonly used in studies of sex allocation in the 
Hymenoptera (Crozier and Pamilo 1996).
Several separate statistical analyses of the sex ratio data were undertaken. 
One, population-wide numerical ratios and investment ratios were compared 
between years. Two, numerical and investment ratios of specific nest types were 
compared with other nest types and between years. Three, all of these ratios were
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examined to see whether they differed from a 1:1 ratio. Four, numerical ratios at 
specific cell positions of different nest types were compared between years. Since 
all of these ratios were frequency data, they were analysed using a two-tailed 
Fisher's Exact test if any cells had expected values less than or equal to five, or a 
two-tailed Chi-square test if all cells within the table had expected values greater 
than five (Siegel and Castellan 1988). Five, the expected numerical ratios under 
equal investment in both sexes, calculated as: 1 -  observed investment ratio, were 
examined for each of the ratios calculated in analyses one and two. Calculation of 
expected numerical ratios followed Fröhlich and Tepedino (1986) and Stark (1992).
It should be noted that these calculations of investment and numerical 
ratios are based on samples of pupae that had survived to nest census in mid- 
January (i.e. mid-summer). The timing of nest census was approximately 2-3 
months after brood production had started and about 3-4 weeks after it had ceased 
(refer Section 2.3.1). Consequently, these calculated ratios are not strictly sex 
allocation ratios, but rather realised ratios representing investment leading to 
viable offspring. Given that it was not possible to measure actual numerical and 
investment ratios (i.e at the time of egg-laying), two separate analyses were 
performed to assess whether these realised ratios approximated what was believed 
to be the best estimates of actual ratios.
Firstly, data on the realised numerical ratios at each cell position were 
combined with data on the frequency of missing pupae at each cell position to 
assess how well measures of realised numerical ratio approximated estimates of 
actual numerical ratios. These assessments were undertaken for: (i) the 
population in each year (yielding two population-wide estimates of actual
numerical ratio); and (ii) each nest type x year treatment group (yielding six 
estimates of actual numerical ratio, since there were three levels of nest type and 
two levels of year). These eight estimates of actual numerical ratios were 
calculated as follows. The probability of an occurrence of a missing pupa at a 
particular cell (caused by either mortality or delayed brood development) was
assumed to be a function of cell position and not its sex.Foreach nest type x year
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group, the actual number of males eggs laid at each cell position was estimated as: 
the total number of cells sampled at the cell position multiplied by the realised
numerical ratio observed at that cell position. For each nest type x year group, the 
actual number of females eggs laid at each cell position was estimated as: the total 
number of cells sampled at the cell position multiplied by (1 -  final numerical 
ratio observed at that cell position). The total numbers of male and female brood 
produced for each of the six nest type x year groups were estimated by summing 
over cell positions, and these totals were then used to estimate the actual 
numerical ratio of each of these six groups. These totals were then summed 
across nest types to obtain population-wide estimates of actual numerical ratio in 
each of the two years of the study. Lastly, each of the eight estimates of actual 
numerical ratio were statistically compared with their corresponding realised 
numerical ratio using a two-tailed Chi-square test (Siegel and Castellan 1988).
Secondly, realised investment ratios were compared with eight estimates 
of actual investment ratios (two population-wide estimates plus six nest type x 
year estimates) using the same procedure as that described above for numerical 
ratios. However, instead of summing frequencies of male and female pupae, the 
procedure summed weights of male and female pupae. The average weight of
missing male pupae at each cell position for each nest type x year group, was 
simply assumed to be the average weight of live male pupae sampled at that cell 
position and that particular nest type x year group. The same rule was used to 
estimate the weights of missing female pupae at each cell position.
Generalised Linear Modelling (GLM) assuming Poisson data distributions 
were used to separately analyse: (i) the number of female pupae per nest; and (ii) 
the number of male pupae per nest; each in relation to year (one, two) and nest 
type (one-adult female new, one-adult female reused, and two-adult female 
reused). These procedures followed Aitkin et al. (1989) and Crawley (1993). The 
ratio of the residual deviance of a fitted Poisson regression model to the residual
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degrees of freedom was used to assess whether the assumption of Poisson 
distributed data was correct (Section 2.2.6.1, Chapter 2).
Analysis of variance (ANOVA) was used to analyse: (i) total weight of 
pupae per adult female as a function of nest type and year; and (ii) mean pupal 
weight per nest as a function of year, nest type and sex of pupa. The former data 
were square-root transformed to make them approximate normal data, following 
Sokal and Rohlf (1995).
Regressions of pupal weight on cell position were performed separately 
for each nest type x year x pupal sex treatment group (= 3 x 2 x 2 = 12 regression 
analyses). The position of the cell at the inner most end of the nest was denoted 
as the first cell, and that closest to the opening as the last cell.
Regression analyses of each of several different reproductive performance 
variables (Y-variables) on adult female body size (X-variable) were undertaken 
separately for five different categories of adult body size, and for each year (= 10 
regression analyses for each Y-variable). The reproductive variables tested were: 
numerical ratio per nest; number of female pupae per nest; number of male 
pupae per nest; total number of brood cells per nest; number of surviving brood 
per cell, where number of brood = eggs + larvae + pupae; investment ratio per 
nest; total weight of female pupae per nest; total weight of male pupae per nest; 
average weight of female pupae per nest; and average weight of male pupae per 
nest. In each year, the five categories of adult body size examined were: body sizes 
in one-adult female new nests; sizes in one-adult female reused nests; the average 
size of nestmates within two-adult female reused nests; the size of the smaller 
nestmate in such nests; and the size of her larger nestmate.
4.2.5.2 Model fitting, model checking, and post-hoc comparisons of levels of
significant terms
In all modelling procedures (ANOVA and GLM), models containing all 
fixed factors of interest were fitted first. Non-significant terms were progressively
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discarded, and backchecking was carried out to see whether discarded parameters 
proved to be significant in reduced models. In addition, plots of standardised 
residuals against the explanatory and the fitted values were used to assess the 
adequacy of all models, including the simple regression models.
In all GLM procedures, post-hoc comparisons among levels of statistically 
significant terms were performed by examining whether predicted 95% confidence 
intervals overlapped. For the ANOVA tests, post hoc comparisons of levels of 
statistically significant factors were undertaken by using standard Scheffe's and 
Student-Neuman-Keuls tests. Bonferroni adjustments of alpha levels for 
multiple tests (Rice 1989) were carried out for the regression analyses, and the 
contingency table analyses (i.e. Fisher Exact and two-tailed Chi-square tests).
4.3 Results
4.3.1 Population-wide realised numerical and investment sex ratios in each 
year
The population-wide realised investment ratio of A. morosus in each year 
was approximately 0.57 (Table 4.1), though neither ratio was significantly male 
biased (Table 4.2). The population-wide realised numerical ratio in each year was 
approximately equal to 0.6 (Table 4.1), and each ratio was significantly male biased 
(Table 4.2). Neither of the population-wide realised ratios differed significantly 
between years (Table 4.2). The population-wide realised numerical ratios in each 
year represent a significant increase in male bias of about 1.4 times that expected 
under equal investment in both sexes (Table 4.1).
4.3.2 Realised numerical and investment sex ratios for different nest types in 
each year
In each year, one-adult new nests had significantly female biased realised 
numerical ratios, one-adult female reused nests had significantly male biased 
realised numerical ratios, and two-adult female reused nests had significantly
177
male biased realised numerical ratios (Table 4.3). In each year, the realised 
numerical ratios among the different nest types were significantly different as 
follows: one-adult new nests < one-adult female reused nests < two-adult female 
reused nests, in increasing order of observed male bias (Table 4.2). For each nest 
type, realised numerical ratios were more male biased in the second year two 
compared with the first, however, only one-adult new nests displayed a 
significant increase in male bias from year one to two (Table 4.2).
Realised investment ratios closely mirror the patterns observed in realised 
numerical ratios between different nest types and between years (Table 4.3). In 
each year, reused nests invested disproportionately more in males, and by 
contrast, one-adult female new nests invested disproportionately more in females 
in each year (Table 4.3). These ratios differ significantly from equal investment in 
both sexes, with the exception of the ratio in one-adult female reused nests in year 
one (Table 4.3). In increasing order of observed male bias, the realised investment 
ratios among the different nest types were significantly different in year one as 
follows: one-adult new nests < one-adult female reused nests = two-adult female 
reused nests; and in year two, as follows: one-adult new nests < one-adult female 
reused nests < two-adult female reused nests (Table 4.2). All nest types invested 
more into males in the second year (Table 4.3), though only the inter-annual 
comparison for one-adult female new nests was significant (Table 4.2).
These results may be summarised as follows. In the first year, the realised 
numerical ratio of new nests was about 10.2 times more female biased than that 
expected under equal investment in both sexes; while the same comparison for 
year two was about 3.9 times more female biased (Table 4.3). Among reused nests, 
these comparisons were reversed. In the first year, the realised numerical ratio of 
one-adult female reused nests was 1.5 times more male biased than that expected 
under equal investment in both sexes; while the same comparison for year two 
was 1.8 times more male biased (Table 4.3). The realised numerical ratio of two- 
adult female reused nests in year one was 2.2 times more male biased, and in year
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two, 3.1 times more male biased, than those ratios expected under equal 
investment (Table 4.3).
4.3.3 Effect of missing pupae on the estimation of actual sex ratios at the nest 
type and population-wide levels
As desribed above, numerical and investment ratios at the nest type and 
population-wide levels was calculated using live pupae, and hence, were realised 
sex ratios. The veracity of these ratios as estimates of actual sex ratios (i.e. at the 
time of egg laying) was assessed by recalculating these ratios, but on this occasion, 
taking into account missing pupae (refer Section 4.2.5.1).
For each nest type x year treatment group, the total number of cells and 
the number of pupae sampled at each cell position varied as a negatively 
decreasing sigmoidal pattern with increasing cell position (Figs 4.1-4.6). The 
values of both variables were generally highest among the first few cells for one- 
adult female new nests and one-adult female reused nests, and among the first 
five cells for two-adult female reused nests. In general, these values then tapered 
off with increasing cell position for each nest type (Figs 4.1-4.6). Assuming the 
number of missing pupae at a particular cell position (= total number of cells -  
number of pupae sampled) was a function of cell position and not related to the 
sex of the missing pupae, population-wide estimates of actual numerical and 
investment ratios and estimates of actual numerical and investment ratios of
each nest type x year group were calculated following the procedure described in 
Section 4.2.5.1. Chi-square analyses comparing each of these estimates of actual 
numerical and investment ratio with the corresponding realised ratio revealed no 
significant differences at the population-wide and nest type levels in either year 
(Table 4.4).
4.3.4 Patterns in differential mortality and brood developmental rates across 
cell positions
Patterns in brood mortality and brood development across cell positions 
were examined to see how these potential causes of missing pupae at cells may
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affect final ratios. Specifically, the proportion of brood parasitised by Gasteruption 
sp., the proportion of brood cells failing due to other, unknown causes (non- 
parasitised cell failure), and the proportion of brood that were larvae at the time of 
nest dissection (approximately two weeks after brood production had ceased) were
each examined in relation to cell position, for each nest type x year treatment 
group.
The overall proportion of missing pupae varied widely with respect to cell 
position for each nest type x year treatment (Figs 4.7-4.12). Some general patterns 
emerge, however, with respect to different factors contributing to the occurrence 
of missing pupae. For each nest type and in each year, the occurrence of missing 
pupae were mostly attributable to cell failure due to unknown reasons, followed 
closely by brood that were still larvae by the time of nest dissection, and then by 
brood being parasitised by Gasteruption sp.. The latter was typically about an order 
of magnitude lower than either of the other two causes of missing pupae 
occurring (Figs 4.7-4.12).
For each nest type and in each year, the proportion of parasitised brood 
was typically highest at cell position one, and then declined rapidly to zero after 
the first few cell positions (Figs 4.7-4.12). No distinctive trends in the proportion 
of non-parasitised failed cells with respect to cell position were observed among
the different nest type x year treatments (Figs 4.7-4.12). The proportion of larvae 
across cells tended to be lowest among the first few cells and highest among the 
last cells produced, for each nest type x year treatment (Figs 4.7-4.12).
4.3.5 Patterns in realised numerical sex ratios across cell positions, and between 
nest types and years
Almost invariably, A. morosus provisioned a series of female brood first, 
followed by a series of male brood. Consequently, all nest types showed a 
positively increasing sigmoidal pattern in realised numerical ratio with respect to 
increasing cell position (Figs 4.13-4.15).
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The greatest disparity in realised numerical ratios at any cell position 
between the different nest types generally occurred among the first five brood 
produced. New nests had markedly more female biased realised numerical ratios 
than reused nests at each of these cell positions. Two-adult female reused nests 
had slightly more male biased realised numerical ratios than one-adult female 
reused nests at each of these cell positions. All nest types showed strongly male 
biased realised numerical ratios after about cell position five (Figs 4.13-4.15).
For each nest type, realised numerical ratios tended to be more female 
biased at each of the first five cell positions in the second year compared with the 
first year (Figs 4.13-4.15). No significant inter-annual differences in realised 
numerical ratios were detected at any cell position for one-adult female new nests 
(Fig. 4.13). Among one-adult female reused nests, realised numerical ratios were 
significantly more female biased in the second year at cell positions two, three and 
four (Fig. 4.14). Among two-adult female reused nests, realised numerical ratios 
were significantly more female biased in the second year at cell position two only 
(Fig. 4.15).
Using Generalised Linear Models (GLM) and assuming the data were 
approximately Poisson distributed, the effect of the interaction between nest type 
and year on numbers of female pupae per nest was not significant (Table 4.5). 
Numbers of female pupae per nest differed significantly between nest types and 
were significantly greater in the second year. In the first year, average female 
production among different nest types did not differ significantly. In the second 
year, one-adult female new nests had significantly more female pupae than one- 
adult female reused nests, and no other significant differences were detected. In 
each year, female production between nest types differed, on the average, by less 
than one pupa. Average female production had increased in the second year in 
each nest type, and the between-year differences among newly-founded and one- 
adult female reused nests were significant (Table 4.5).
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GLM analyses assuming approximately Poisson distributed data, yielded a 
significant interaction effect between nest type and year on the number of male 
pupae per nest (Table 4.5). In each year, significantly more male pupae were 
found in two-adult female reused nests than one-adult female reused nests, 
which in turn, had significantly more male pupae than newly-founded nests. For 
each nest type, significantly greater numbers of male brood were produced in the 
second year (Table 4.5)
4.3.6 Patterns in realised investment sex ratios across cell positions, and
between nest types and years
Analysis of variance (ANOVA) of the total weight of pupae per capita (i.e. 
per adult female) showed that nest type and year interacted significantly (Table 
4.6). In the first year, per capita total pupal weights were greatest in one-adult 
female reused nests and least in one-adult new nests. In the second year, per 
capita total pupal weights were greatest in two-adult female reused nests and least 
in one-adult new nests. While per capita total pupal weights of both reused nest 
types were significantly higher than those for one-adult new nests in each year, 
values for one- and two-adult female reused nests did not differ significantly from 
each other in either year (Table 4.6).
ANOVA on individual pupal weights yielded significant interactions 
between nest type and sex, nest type and year, and significant main effects due to 
sex, nest type and year (Table 4.6). The three-way interaction and the interaction 
between year and sex were not significant (Table 4.6).
In each year, females were significantly heavier than males in reused nests 
(Table 4.6). Though females were heavier than males in new nests in the second 
year, this difference was not significant. Furthermore, male and female pupal 
weights were almost the same in new nests in the first year. The difference 
between male and female weights in two-female adult reused nests in the first 
year (+13.3%) is similar to that in one-adult female reused nests (+15.5%). The 
difference between male and female weights in two-female adult reused nests in
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the second year (+14.4%) is also similar to that in one-adult female reused nests 
(+16.5%). However, the differences in male and female weights among reused 
nests is much higher than that for new nests by about 15% in the first year, and by 
about 10% in the second year (Table 4.6).
For each nest type, both male and female pupal weights increased from 
year one to two (Table 4.6). This increase is accentuated between different nest 
types. New nests show the smallest increase between years for male pupae 
(+6.8%) and female pupae (+10.7%). The latter was significant, while the former 
was not. Male and female pupae in one-adult female reused nests increased in 
the second year by +16.6% and +15.5%, respectively. Male and female pupae in 
two-adult female reused nests increased in the second year by +27.1% and +26.6%, 
respectively. All inter-year increases among reused nests were significant (Table 
4.6).
In the first year, neither male nor female weights differed significantly 
between different nest types (Table 4.6). In the second year, male weights between 
one-adult new nests and one-adult reused nests did not differ significantly, and 
male weights in two-adult female reused nests were significantly higher than 
those in one-adult new nests and one-adult reused nests. In year two, female 
weights in two-adult female reused nests were significantly higher than those in 
one-adult reused nests which, in turn, were significantly higher than those in 
one-adult new nests (Table 4.6).
Pupal weights generally declined with increasing cell position (Figs 4.16- 
4.19). Statistically significant negative regressions of pupal weight on cell position 
were detected for male pupae in one-adult female reused nests in year one and 
year two, female pupae in one-adult female reused nests in year two, and male 
pupae in two-adult female reused nests in year one (Table 4.7).
The trend in male and female pupal weights with respect to cell position 
was similar between different nest types in year one (Figs 4.16-4.17). These
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comparisons were very different in the second year. Across nearly all cell 
positions, much heavier male pupae were produced in two-adult female reused 
nests than one-adult female reused nests and one-adult female new nests (Fig. 
4.18). The latter two nest types exhibited similar trends in male pupal weights 
across cell positions (Fig. 4.18). Across all cell positions, much heavier female 
pupae were produced in two-adult female reused nests than in one-adult female 
reused nests, which in turn, had produced heavier female pupae than one-adult 
female new nests (Fig. 4.19).
4.3.7 Effect of adult female body size on reproductive performance
The majority of reproductive performance variables, in particular, average 
female and male pupal weights per nest, were positively associated with adult 
female body size, while some other variables were negatively associated with 
adult female body size. However, none of these correlations were statistically 
significant (Table 4.8).
4.3.8 Distribution of male and female pupal weights between nest types and
years
The shapes of the distributions of male and female pupal weights in each 
year were similar between the different nest types (Figs 4.20-4.23). Furthermore, 
each of the population-wide distributions of males and female weights followed a 
unimodal distribution, with no obvious evidence of either dichotomous male 
weights or dichotomous female weights being produced (Figs 4.20-4.23).
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Table 4.2 Results of chi-square tests comparing for A. morosus: (i) 
population-wide realised numerical and investment sex ratios between years; and 
(ii) realised numerical and investment sex ratios of each nest type between years 
and among different nest types. Realised numerical and investment sex ratios 
were calculated using surviving pupae and the formulae given in Section 4.2.5.1. 
Key: IF new: one-adult female newly-founded nests; IF reused: one-adult
female reused nests; 2F reused: two-adult female reused nests; *: significantly 
different at a p = 0.05 level adjusted for multiple comparisons using the 
Bonferroni algorithm (Rice 1989), where 1, 2a-c...8a-c represent eight separate sets 
of adjustments; and NS: not significantly different using the same criteria. For 
each comparison, levels are arranged in observed ascending order, and '= ' denotes 
'not significantly different than', and '< ' denotes 'significantly less than'.
R ealised num erical ratio R ealised investm ent ratio
1. Population-w ide: year 1 = year 2 5. Population-wide: year 1 = year 2
NS x 2 = 0.0, d.f. = 1 NS x2 = 0.0, d.f. = 1
2a. IF new: year 1 = year 2. 6a. IF new: year 1 = year 2.
* x 2 = 5.15, d.f. = 1 * x2 = 5.65, d.f. = 1
2b. IF reused: year 1 = year 2 6b. IF reused: year 1 = year 2
NS x2 = 1-38, d.f. = 1 NS x2 = 0.62, d.f. = 1
2c. 2F reused: year 1 = year 2 6c. 2F reused: year 1 = year 2
NS x2 = 1-88, d.f. = 1 NS x2 = 1.15, d.f. = 1
3a. Year 1: IF new < IF reused 7a. Year 1: IF new < IF reused
* X2 = 52.55, d.f. = 1 * x2 = 67.86, d.f. = 1
3b. IF new < 2F reused 7b. IF new < 2F reused
* X2 = 72.12, d.f. = 1 * X2 = 91.34, d.f. = 1
3c. IF reused < 2F reused 7c. IF reused < 2F reused
* X2 = 5.19, d.f. = 1 NS x2 = 2.10, d.f. = 1
4a. Year 2: IF new < IF reused 8a. Year 2: IF new < IF reused
* x2 = 148.80, d.f. = 1 * X2 = 49.92, d.f. = 1
4b. IF new < 2F reused 8b. IF new < 2F reused
* x2 = 123.3, d.f. = 1 * X2 = 60.98, d.f. = 1
4c. IF reused < 2F reused 8c. IF reused < 2F reused
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Table 4.4 Results of chi-square tests comparing for A. morosus: (i) 
population-wide estimates of actual numerical sex ratios versus population­
wide realised numerical sex ratios in each year; and (ii) actual numerical sex
ratios of each nest type x year treatment group versus the corresponding 
realised numerical sex ratio. Realised sex ratios were calculated using 
surviving pupae only. Actual sex ratios, which refer to the sex ratios 
produced at the time of egg-laying, were estimated by taking missing pupae 
into account (refer Section 4.2.5.1). All numerical sex ratios were calculated 
using the formula given in Section 4.2.5.1. Key: IF new: one-adult
female newly-founded nests; IF reused: one-adult female reused nests; 2F 
reused: two-adult female reused nests; NS: not significantly different at a p 
= 0.05 level adjusted for multiple comparisons using the Bonferroni 
algorithm (Rice 1989), where la-b...8a-b represent eight separate sets of 
adjustments.
Realised versus estimate of Realised versus estimate of
actual numerical ratios actual investment ratios
la. Population-wide, year 1: 5a. Population-wide, year 1:
NS x2 = 2.75, d.f. = 1 NS x 2 = 0.611, d.f. = 1
lb . Population-wide, year 2: 5b. Population-wide, year 2:
NS x 1 = 2-55, d.f. = 1 NS x 2 = 0 .303, d.f. = 1
2a. IF new, year 1: 6a. IF new, year 1:
NS x 2 = 0.00, d.f. = 1 NS X  -  0.00, d.f. = 1
2b. IF new, year 2: 6b. IF new, year 2:
NS x2 = 0.75, d.f. = 1 NS x 2 = 0.02, d.f. = 1
3a. IF reused, year 1: 7a. IF reused, year 1:
NS x2 = 0.00, d.f. = 1 NS X2 = 0.22, d.f. = 1
3b. IF reused, year 2: 7b. IF reused, year 2:
NS x2 = 0.04, d.f. = 1 NS X2 = 0.21, d.f. = 1
4a. 2F reused, year 1: 8a. 2F reused, year 1:
NS x2 = 2.03, d.f. = 1 NS x 2 = 0.00, d.f. = 1
4b. 2F reused, year 2: 8b. 2F reused, year 2:
NS x2 = 0.03, d.f. = 1 NS x 2 = 0.02, d.f. = 1
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4.4 Discussion
4.4.1 Population-level comparisons of numerical and investment sex ratios
with Fisherian sex ratios
Although population-wide numerical ratios in A. morosus were 
significantly male biased, population-wide investment ratios did not deviate 
significantly from Fisherian investment ratios (Table 4.1). Fisherian predictions 
of 1:1 investment ratios in sons and daughters assume fitness returns through 
sons and daughters are a linear function of investment, or if not linear, the same 
for males and females (Fisher 1930; Shaw and Mohler 1953; Frank 1987, 1995). 
Many different biological mechanisms and ecological circumstances can lead to 
these assumptions being broken, in which case biased sex allocation is predicted. 
The following section will explain why observed population-wide investment 
ratios in A. morosus are unlikely to be explained by sex ratio biasing models based 
on non-linear fitness returns (Crozier and Pamilo 1996). The final section will 
explore why population-wide numerical ratios are male biased, and why 
numerical and investment ratios differ between different nest types and years.
4.4.2 Applicability of sex-ratio biasing models based on non-linear fitness
returns in offspring
Sex-ratio biasing models such as local mate competition (LMC), local 
resource competition (LRC) or local resource enhancement (LRE) predict biased 
population-wide investment ratios under conditions favouring non-linear fitness 
returns through male and/or female offspring (Crozier and Pamilo 1996). The 
applicability of these three models are now assessed with respect to A. morosus 
under three points.
1. LMC arises from brothers competing with brothers for access to a limited 
number of mates, and has only ever been reported in species with low vagility 
(Crozier and Pamilo 1996). This situation probably does not operate in A. 
morosus. A. morosus is likely to be a strong flying insect as evidenced by its 
robust, moderately large body size compared with other bees (body length of males
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and females = approx. 12 mm, Houston 1975; mean wing length of females = 
approx. 8 mm), and its ability to access pollen sources from tall eucalypt trees.
Many species showing LMC also show inbreeding (Crozier and Pamilo 1996), such 
as fig wasps (Herre et al. 1997). However, there is no evidence that inbreeding 
occurs in A. morosus. The allozyme work in Chapter 2 yielded an inbreeding 
coefficient of individuals within the sub-population (F ) that was not statistically
different from zero (F = -0.128 ± 0.08 s.e., d.f. = 45, p > 0.05; Table 2.4).
2. Dispersal options for females are typically constrained under LRC (Crozier 
and Pamilo 1996). However, the availability of suitable fronds for nesting (both 
fresh ones and disused ones) did not appear to be limiting for A. morosus 
(Chapter 2). Furthermore, since A. morosus is probably a strong flyer, then 
females could probably utilise opportunities for nesting well away from their 
natal nests.
3. LRE requires positive fitness interactions between female relatives sharing 
nests (Crozier and Pamilo 1996). An often-cited example in which LRE occurs is 
Exoneura bicolor. In E. bicolor, brood production per adult female is greater in 
intermediate colony sizes, compared with smaller or larger colonies (Schwarz 
1988, 1994). However, cooperative nest use in A. morosus does not significantly 
enhance its per capita output. Brood production per capita and total weight of 
pupae per capita were not statistically different between one- and two-adult female 
reused nests (Tables 2.1, 4.6; Appendix L). Thus, LRE is unlikely to apply to A. 
morosus.
Several results to emerge from this study point to the existence of 
interesting, yet potentially complex, season by nest type interactions in conditional 
sex allocation strategies in A. morosus. These are discussed now.
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4.4.3 Conditional sex allocation
4.4.3.1 Numerical and investment ratios were male-biased in reused nests, and
were female-biased in new nests
Nest type had a very substantial effect on numerical and investment ratios 
in A. morosus. In each year, reused nests consistently had male-biased numerical 
and investment ratios, while new nests consistently had female-biased numerical 
and investment ratios (Table 4.3). A three-part hypothesis explaining these split 
sex ratio patterns (sensu Grafen 1986) is now given.
Firstly, there was no strong evidence that cooperative versus solitary nest 
reuse in A. morosus resulted in an increase in per capita fitness of nestmates 
(Tables 2.1, 4.6; Appendix L). Secondly, reusing a nest has strong fitness 
consequences compared with solitary founding of a new nest. In particular, the 
number of brood produced and pupal weights in one-adult female reused nests 
were generally much higher than in one-adult female new nests (Tables 2.1, 4.6; 
Appendix L). The former pattern presumably arises because it requires more 
effort by a solitary adult female to construct a new nest than to simply reuse it, 
thereby delaying the commencement of brood production in new nests (Chapter 
2). Thirdly, sharing a nest with an adult female does not appear to reduce the 
benefits of reusing a nest, even though some nests probably comprise unrelated 
females as evidenced by the low average relatedness between nestmates (r = 0.26 ± 
0.06 s.e.; Table 2.4). Consequently, given that a nest is a valuable resource that can 
be used more than once, and given that this resource can only be exploited by 
daughters and not sons, then mothers in new nests should produce more 
daughters than sons. However, selection should be operating on mothers in 
reused nests to produce more sons than daughters, thereby resulting in equal 
investment in males and females at the population level.
4.4.3.2 Numbers and weights of pupae were higher in early cell positions
More offspring and heavier offspring were produced by A. morosus
earlier, rather than later, in the brood production season (Figs 4.1-4.6, 4.16-4.19,
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Table 4.7). This pattern may be the result of two factors- one ecological and the 
other physiological.
1. The rapid increase in brood production early in the brood-rearing season 
may be a simple response by A. morosus to coincide its brood production with 
peak floral production. This hypothesis has been suggested for Osmia lignaria 
(Torchio and Tepedino 1980; Tepedino and Torchio 1982a,b), and Osmia 
cornifrons (Sugiura and Maeta 1989). These mass-provisioning, xylophilous bee 
species exhibit a decline in pupal weights over the brood production season that is 
comparatively similar to A. morosus. Some circumstantial evidence support this 
hypothesis for A. morosus. Most brood were generally produced during late 
spring to early summer (Table 2.2). Furthermore, floral resources used by A. 
morosus tended to be more abundant in the first half of the brood-rearing season. 
Typically, flowering by Fabaceae spp. and Acacia spp. occurred mostly during 
spring; Leptospermum flowering was highest in mid-spring to early summer, and 
flowering by Eucalyptus spp. peaked in early summer (Figs 3.11-3.17).
Additionally, pupal weights of A. morosus were positively correlated with the 
relative abundance of flowering eucalypts at sites (Table 3.6).
2. As has been demonstrated in other bee species with annual lifecycles, the 
ability of adult female bees to forage usually declines with age, and can result in 
smaller and fewer pupae as the season progresses (Torchio and Tepedino 1980; 
Tepedino and Torchio 1982a,b; Sugiura and Maeta 1989). These studies have also 
reported that a decline in foraging ability is typically associated with increased 
incidences of frayed and tattered wings (Torchio and Tepedino 1980; Tepedino and 
Torchio 1982a,b; Sugiura and Maeta 1989). While there is no evidence that wing 
wear in A. morosus increases through the season (Section 2.3.2.4), the effect on 
foraging ability of deteriorating physiological condition with age remains a 
possibility, and therefore, should be investigated further.
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4.4.3.3 A. morosus is protogynous, and female brood were heavier than male
brood
A. morosus is protogynous, that is, it produced a series of female brood 
first and then switched to male production (Figs 4.13-4.15). Furthermore, female 
pupae were generally larger than males (Figs 4.16-4.19; Table 4.6). Assuming that 
these patterns arise because females require more floral resources per cell than 
males, then protogyny in A. morosus could also be a response by the species to 
floral resources peaking in early summer and the possibility that as mothers age, 
their ability to forage diminishes. Other work on hymenopteran sex ratios has 
demonstrated either empirically (Plateneux-Quenu 1983; Strohm and Linsenmair 
1997a) or theoretically (Frank and Swingland 1988; Frank 1995; Rosenheim et al. 
1996) that sex ratios are biased towards the cheaper sex (typically, lighter males) 
under conditions of comparatively low resource levels. It is possible that three 
other factors may be influencing selection for protogyny in A. morosus.
1. This study has demonstrated that a nest of A. morosus is a valuable 
resource to reuse, and that only daughters can utilise this resource (refer above). 
Since there is a risk of an adult female dying before completing brood production 
(e.g. due to bird predation), there would therefore be an obvious selective benefit 
in producing females first as they are potential inheritors of their natal nests.
2. The production of females by A. morosus early in the season has an 
important consequence in terms of larval development. The proportion of larvae 
at the time of nest census, was highest among later cells (Figs 4.7-4.12), and since 
females are larger than males, then they should take relatively longer to develop. 
Furthermore, given that females are more valuable than males, then protogyny 
may therefore be a good strategy to reduce the risk of developing female brood 
being adversely affected by male nestmates moving through cells towards the next 
entrance, which has been observed in linear cell provisioning xylophilous bee 
species such as Megachile rotundata (Tepedino and Fröhlich 1984), and Xylocopa 
sulcatipes and X. pubescens (Gerling et al. 1983).
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3. In contrast to the preceding paragraphs, parasitisation rates due to 
Gasteruption sp. were highest among the first few brood cells (Figs 4.7-4.12). 
Assuming females are individually more valuable than males on account of their 
comparatively bigger size, then protogyny in this context could be 
disadvantageous. Although mortality due to parasitisation accounts for only a 
few percent of overall mortality, if this proportional value is translated to the 
numbers of brood parasitised at the population level, then parasitisation may be 
an important selection pressure on A. morosus. This argument poses an 
interesting trade-off scenario for A. morosus such that even though early brood 
cells suffer higher parasitisation rates, it is also necessary for adults to produce 
females early in the season because they have a larger body size.
4.4.3.4 Investment in large females provides greater fitness returns than
investment in comparably-sized males
An implication arising from the discussions of the preceding sections is 
that investment by A. morosus in daughters provides greater fitness returns than 
investment in similar-sized sons. In the vast majority of aculeate Hymenoptera, 
males are smaller than females because they do not contribute to nest 
establishment or brood provisioning, plus their reproductive success is not so 
dependent on body size , as it is for females (Tepedino and Torchio 1980; Pamilo 
and Crozier 1996; Strohm and Linsenmair 1997a,b). These arguments are now 
assessed for A. morosus.
The importance of body size on male mating success is sometimes 
associated with male dimorphism, and has been demonstrated in some hylaeine 
species (Alcock and Flouston 1987, 1996) and in several other bee species (Alcock et 
al. 1977, Kukuk and Schwarz 1988; Alcock 1996). However, this study revealed no 
evidence of male dimorphism in A. morosus (Figs 4.20, 4.22), and furthermore, 
mating behaviour was not observed. Three possible reasons as to why A. 
morosus should produce larger females than males are now discussed.
224
1. There was no firm evidence that female body size in A. morosus was 
positively associated with either more or heavier brood (Table 4.8). While larger 
females within many insect species usually produce more and heavier offspring 
(Honek 1993), exceptions exist. For example, a lack of a correlation between 
female body size and offspring investments have been reported in Osmia lignaria 
(Tepedino and Torchio 1982b) and O. brunei (Fröhlich and Tepedino 1986). 
Furthermore, Stearns (1992) points out that for any species, there is likely to be 
strong selection against adult females producing very small and thus, potentially 
sub-fertile females. This may apply to A. morosus, thus explaining the general 
lack of association between adult body size and reproductive output in this 
species.
2. Results from this study suggest that larger-sized females do not necessarily 
have a nesting advantage in A. morosus, in terms of founding a new nest from 
scratch versus simply reusing a nest. No statistically significant difference in the 
body sizes of females nesting solitarily in new nests versus those nesting solitarily 
in reused nests was detected (Section 2.3.1; Chapter 2). Assuming the possibility 
that reproductive dominance hierarchies operate within multi-female reused 
nests of A. morosus, and assuming body size is an indicator of relative 
reproductive dominance in the species, then there may be a selective advantage 
for mothers to producing relatively larger females for this reason. However, as 
work in Chapter 2 has demonstrated, the relative body sizes, as well as the relative 
ovary sizes (an indicator of reproductive output) and wing wear (an indicator of 
foraging effort) of nestmates in two-adult female reused nests of A. morosus were 
statistically similar (Table 2.3). More precise research on whether reproductive 
skew occurs in A. morosus, and the possible factors affecting it (e.g. relative body 
sizes of nestmates?), are needed (Chapters 2 and 5).
3. The most plausible, but as yet, untested hypothesis, as to why A. morosus 
produces comparatively larger females than males, is that larger females forage 
better and survive better than smaller females. Larger females in A. morosus may 
be able to transport relatively more pollen and nectar in their crops, thereby
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resulting in fewer foraging trips per cell. As a consequence, larger females may 
have an advantage in incurring reduced predation pressure away from nests. 
Similar mortality pressures operating on female body size have been reported in 
O. lignaria (Torchio and Tepedino 1980) and Philanthus triangulum (Strohm and 
Linsenmair 1997b). Further examination of comparative survival rates and 
foraging rates of different sized females in A. morosus are needed to test this 
hypothesis.
4.4.3.5 In each year, the number of female pupae per nest type were similar, but
the numbers of male pupae per nest type differed markedly
In each year, the numbers of females produced between different nest 
types differed by a margin of less than about one pupa, yet the comparative 
numbers of males produced differed widely (Table 4.5). In each year, male 
production in two-adult females reused nests was approximately double that of 
one-adult female reused nests, which in turn, had at least four times more males 
than one-adult female new nests (Table 4.5).
These patterns could be explained if mothers have a 'rule of thumb' 
strategy of producing a set number of females, then switch to male production 
until either they die or floral resources become limiting in mid-summer. Nest 
dissection data collected during the brood-rearing season (refer Section 2.3.1) 
indicate that brood production in new and reused nests finished at approximately 
the same time, and that brood production in reused nests commenced earlier than 
new nests. Consequently, females in reused nests probably have a greater period 
in which to provision more male brood cells than new nests. These nest 
dissection data may also be used to explain why the amount of male production 
was greater in two-adult female nests compared with one-adult female reused 
nests. Although the length of the brood production period in two- versus one- 
adult female reused nests was approximately same (Section 2.3.1), these data also 
suggest that the rate of brood production per nest was faster in two-adult female 
reused nests than one-adult female reused nests (Table 2.2). Direct observations of
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cell provisioning in nests of different type through the brood-rearing season are 
needed to verify these inferences.
4.4.3.6 Possible mechanisms governing the switch from producing female cells to 
male cells
Within each year, the number of female brood produced by A. morosus 
was remarkably similar between the different nest types, even though these nest 
types commenced brood production at different times during late spring. This 
suggests that adult females within different nest types are switching from female 
to male production based on either internal physiological cues and/or cues 
received from the brood within the nest; rather than only external cues such as 
changes in photoperiod, which has been demonstrated in halictine bees (Yanega 
1996), or changes in floral resource levels. If adult females were responding only 
to external cues, then the switch date between different nest types would be 
approximately the same, but the level of female production between nest types 
would vary.
It is possible that A. morosus is producing a set number of female pupae 
by using an physiological 'counter' to count brood, or reacting to chemical signals 
emitted by earlier produced brood indicating their stage of development, or both. 
Detailed observations of when A. morosus provisions male and female brood 
cells in relation to different temperature and photoperiod regimes are needed to 
examine these ideas.
4.4.3.7 Numbers and weights of male and female pupae were comparatively 
greater in the second year among all nest types
The pattern of higher male and female production in all nest types of A. 
morosus in the second year is likely to have been a simple response by adult 
females to comparatively better environmental conditions operating then.
During the second brood-rearing season, eucalypts and Leptospermum flowered 
slightly earlier and more abundantly (Figs 3.11-3.13); and conditions were 
generally warmer and drier (Figs 3.20-3.22). The latter implies that larval
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development was also faster in year two, which may partially account for the 
higher numbers of male pupae sampled at the end of the second brood-rearing 
season.
4.4.3.8 Pupal weights of different nest types were similar in the first year, hut
were very dissimilar in the second year.
Male and female pupal weights of A. morosus differed little between nest 
types in year one. However, in year two, male and female pupal weights in two- 
adult female reused nests had increased, on the average, by approximately 27%, 
those in one-adult female reused nests by about 16%, and those in one-adult 
female new nests by about 10% (Table 4.6). While this pattern is clearly 
remarkable, no explanation is immediately apparent, except that it obviously has 
something to do with sharing a nest with a conspecific.
One possible explanation is that nestmates in two-adult female reused 
nests are cooperating in brood production in ways that do not necessarily result in 
relatively more brood per capita, as Chapter 2 has shown, but rather heavier 
brood- both males and females. Since this trend is not apparent in the first year, 
but rather the second year, then perhaps it is the case that when females nest 
together, they are more efficient at exploiting floral resources if they are presented 
with greater foraging opportunities as was indicated during the second brood­
rearing season. Detailed observations of cell provisioning behaviours in different 
nest types of A. morosus in relation to changes in environmental conditions (e.g. 
ambient temperatures and floral resource levels) are essential to assess these ideas. 
Given the highly variable nature of floral resource levels in the field, the logistics 
of conducting such observations and the subsequent interpretation of results 
would be challenging.
4.4.4 Summary and conclusions
Assessment of patterns of numerical and investment sex ratios in A. 
morosus were based on calculations of realised ratios (i.e using surviving pupae) 
rather than actual ratios (i.e. at the time of egg-laying). Nevertheless, these
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realised ratios were shown to closely approximate estimates of actual ratios (Table 
4.4).
Populations of A. morosus in this study exhibited Fisherian ratios of equal 
investment in male and female brood, which is typical of most aculeate 
Hymenoptera. Non-linear sex ratio biasing models (LMC, LRC, and LRE) are 
unlikely to apply to A. morosus because the conditions necessary for them to 
operate were demonstrably lacking. Conditional sex allocation strategies best 
explain why A. morosus produced numerical and investment ratios that were 
male-biased in reused nests, but female-biased in new nests. Specifically, given 
that nests are a valuable resource that can be used more than once, then mothers 
in new nests should be selected to produce more daughters than sons in such 
nests because only daughters can exploit this resource in the next generation. 
However, frequency-dependent selection operates on mothers in reused nests to 
bias their allocation to relatively more sons, thus maintaining a population-wide 
allocation pattern that approximates a 1:1 investment in males and females.
Three other notable results emerged from this study.
1. A. morosus is protogynous, producing a series of female brood first. 
Although parasitisation of brood by Gasteru-ption sp. occurred mostly among the 
early brood cells, females were heavier than males, and thus the timing of their 
production probably coincided with higher floral resource availability in the first 
half of the brood production season. Furthermore, since the foraging ability and 
the survival of adults would be expected to decline with age, there would be a 
selective advantage to producing (valuable) females prior to producing (less 
valuable) males.
2. The possible advantages of producing larger females than males in A. 
morosus were not immediately apparent, especially since larger females were not 
associated with higher reproductive output. It is possible that larger females are 
able to forage for more floral resources per unit time and hence, by spending less
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time away from nests, could have better survival rates through the brood-rearing 
season.
3. Increased production of male and females by A. morosus in the second 
year were clearly associated with comparatively higher availability of floral 
resources and greater foraging opportunities during the second brood-rearing 
season. Substantially higher pupal weights were recorded in two-adult female 
reused nests compared with other nest types in the second year, perhaps because 
better environmental conditions operating in that year may have enabled 
nestmates within such nests to have increased efficiency in rearing brood. It is 
possible the benefits of cooperative nest reuse in A. morosus may be in terms of 
facilitating the production of heavier brood, rather than simply more brood.
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CHAPTER 5
General Discussion
5.1 Overview
This project had three main aims. One, describe the lifecycle and 
examine nesting behaviour in Amphylaeus morosus. Two, assess potential 
floral resource overlap and resource competition between A. morosus and 
honey bees. Three, investigate sex allocation in A. morosus within the context 
of the two previous aims. The study took place over two years (1992-93 and 
1993-94) within the Black Range and Toolangi State Forests and the Dandenong 
Ranges National Park, which are montane temperate eucalypt forests located in 
the southern Great Dividing Range, Victoria.
This chapter firstly examines the broader consequences of four key results 
and an important question arising from this project. The findings and question 
are:
1. A. morosus formed multi-female nests during brood-rearing.
2. A. morosus produced male-biased sex ratios in reused nests, and female- 
biased ratios in new nests.
3. The demographic performance of A. morosus was substantially higher 
in the second year compared with the first year.
4. Honey bees had no detectable negative impact on the demographic 
performance of A. morosus, but rather an apparent 'positive' effect on 
the survival of adults of A. morosus.
5. What are the implications of a lack of any negative impact of honey bees 
on A. morosus for other hylaeine bees and other montane temperate 
eucalypt forests?
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Future research directions for understanding the behavioural and 
population ecology of A. morosus will be then discussed. The final section will 
discuss general recommendations for the future management of honey bees in 
native Australian forests.
5.2 Key findings and an important question arising from this project
5.2.1 A. morosus formed multi-female nests during brood-rearing
A. morosus nested within pithy fibrous fronds of the rough treefern, 
Cyathea australis, where only one cell can be provisioned at a time. In the 
habitats studied here, the species was univoltine with brood reaching adult 
eclosion in late summer. In each year, dispersal from overwintering nests and 
the initiation of new nests began in spring, and all newly-founded nests 
contained only single females. Social nesting is relatively unknown in the bee 
family Colletidae. Yet this study found that during the brood-rearing phase, a 
significant proportion of females remained in reused nests (i.e occupied in the 
previous brood-rearing season) as two female colonies (approx. 20% of nests) 
and three female colonies (less than 5% of nests). The remainder of reused 
nests contained solitary females.
In each year, the number of brood produced per adult female (i.e. per 
capita) was significantly higher in reused nests compared with new nests (Table 
2.2; Appendix L). Although the number of brood produced per adult female 
was not significantly higher in two-adult females reused nests than one-adult 
female reused nests, there was a consistent trend in this direction in both years. 
Proportional brood loss through parasitisation by a gasteruptiid wasp 
(Gasteruption sp.) was significantly higher in one-adult female new nests than 
in one-adult female reused nests which, in turn, were significantly higher than 
in two-adult females reused nests. These trends were the same in each year 
(Fig. 2.4; Appendix L).
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The presence of cooperative nesting in A. morosus is unexpected. 
Firstly, in the absence of large per capita benefits in brood production, kin 
selection does not appear to be a major factor selecting for cooperative nesting 
because the average relatedness of adult females to the progeny of their 
nestmate would, on average, only be about one-half of 0.26, or 0.13 (Table 2.4; 
Section 2.4.2; Chapter 2). Secondly, the availability of suitable nesting sites was 
not limited. Thirdly, and as will be discussed below, the internal architecture of 
nests of A. morosus suggests that the potential for intra-nidal parasitism of cell 
provisions or eggs may be high.
Communal nesting has been reported in many other mass­
provisioning bee species (Abrams and Eickwort 1981; Michener 1974; Litte 1977; 
Sakagami and Maeta 1984, 1987; Hogendoorn and Velthuis 1993; Kukuk and 
Sage 1994; Garofalo et. al 1992; Wcislo, 1993; Neff and Danforth 1991; Danforth 
et al. 1996; Paxton et al 1996). The nest architecture of all these species involves 
branching tunnels or galleries, as for example, in Xylocopa pubescens 
(Flogendoorn and Velthuis 1993). Such architecture creates opportunities for 
females to independently provision cells at the same time, and thus avoid 
conflicts. However, nests of A. morosus consist of a single unbranched tunnel, 
so that only one cell can be provisioned at a time. This is likely to lead to 
conflict among nestmates over foraging effort and reproduction, since 
nestmates comprising multi-female nests are potentially reproductive (mated 
with mature ovaries). That is, nestmates in multi-female nests are unlikely to 
share reproduction equally. While data on relative ovary sizes, body sizes and 
wing wear of nestmates do not support the hypothesis of differential 
reproductive output between nestmates, only direct estimates of potential 
mother-brood relationships within nests using DNA techniques will allow 
relative reproductive outputs between nestmates to be assessed.
In conclusion, cooperative nesting in A. morosus seems to result 
mainly from the benefits of being able to reuse pre-existing nests and avoid the
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possible costs associated with dispersal and constructing a new nest. For 
example, new nests lagged reused nests in their commencement of brood 
production, and brood in new nests have a higher individual probability of 
being parasitised due to comparatively lower levels of brood production in such 
nests. However, the prospects for nestmate cheating in multi-female nests are 
probably high. What possible mechanisms either prevent cheating or else 
provide additional benefits for cooperative nesting were not measured in this 
study, and are therefore good candidates for further research.
5.2.2 A. morosus produced male-biased sex ratios in reused nests, and
female-biased ratios in new nests
Even though sex allocation in A. morosus is relevant to its social 
nesting behaviour, this aspect of the biology of A. morosus was assessed last in 
this project, because the data used in this assessment was collected from the 
floral resource competition experiment. However, given that no statistically 
significant differences in relevant parameters such as male and female pupal 
weights, brood production, and numerical sex ratios per nest were found 
between experimental and control sites, then these data could be pooled for the 
analyses of sex allocation.
A key finding of the sex allocation study was that conditional sex 
allocation strategies best explain why A. morosus produced split-sex ratios 
(sensu Grafen 1986), in which numerical and investment ratios were male- 
biased in reused nests, but female-biased in new nests (Table 4.3). Specifically, 
given that nests are a valuable resource (refer Section 5.2.2) that can be used 
more than once, then mothers in new nests should be selected to produce more 
daughters than sons in such nests because only daughters can exploit this 
resource in the next generation. However, population-wide allocation patterns 
in A. morosus exhibited Fisherian investment ratios. Thus it is likely that 
selection operated on mothers in reused nests to bias their allocation to 
relatively more sons.
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A. morosus is protogynous (Section 4.3.5), and all nest types (including 
new nests) produced a small number of female brood first, before switching to 
male production. The result that numerical and investment ratios in two- 
adult female reused nests were more male-biased than one-adult female reused 
nests was clearly due to females in multi-female reused nests producing more 
male brood, but not female brood, than solitary reused nests (Table 4.5). Two 
possibilities may explain this result. Either the brood production phase in two- 
adult female reused nests was comparatively longer, or females in two-adult 
female reused nests produced brood at a faster rate than in one-adult female 
reused nests. Nest dissection data collected during the brood-rearing season 
(refer Section 2.3.1) suggest that multi-female nests commenced and finished 
brood production at approximately the same time as single female reused nests, 
but that females in multi-female nests provisioned comparatively more brood 
per nest between sampling events (Table 2.2). Direct observations of cell 
provisioning behaviour throughout brood production are needed to fully 
assess these inferences.
5.2.3 The demographic performance of A. morosus was substantially higher
in the second year compared with the first year
This project showed that the demographic performance of A. morosus, 
in terms of the number of brood produced per nest and male and female pupal 
weights, was significantly greater during the second brood-rearing season 
compared with the first. Precise explanations for this pattern are not known, 
but environmental factors were likely to be implicated.
The above inter-annual patterns were clearly associated with 
comparatively better environmental conditions operated then. Firstly, 
relatively warmer temperatures preceding nest founding and during late 
season brood production were recorded in year two. Secondly, conditions were 
relatively drier during mid-late brood production in the second year. Thirdly, a 
greater number of species of Eucalyptus were recorded in flower at an earlier 
stage of the brood-rearing season in the second year. Fourthly, the use of
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eucalypt pollen by A. morosus was associated with changes in the abundance of 
flowering species of eucalypts across sites. Fifthly, pupal weights were 
positively correlated with the proportion of eucalypt pollen in brood cells and 
the abundance of flowering species of eucalypts flowering at sites, in both years. 
Finally, since A. morosus has a relatively short tongue (Michener 1965;
Houston 1975), it probably used shallow-cupped myrtaceous flowers like 
eucalypts and Leptospermum spp. as major nectar sources, and some data 
indicates that Leptospermum also flowered slightly more frequently and earlier 
in the second year.
It is not possible to disentangle the relative effects of resource levels and 
weather conditions on the performance of A. morosus, based on available data. 
This issue forms an interesting area for further study.
5.2.4 Honey bees had no detectable negative impact on the demographic
performance of A. morosus, but rather an apparent 'positive' effect on
the survival of adults of A. morosus
There was considerable overlap between the two bee species in their use 
of different floral groups as pollen sources in each season (overall percentage 
similarity index of relative pollen use was approximately 50%). Secondly, the 
honey bee baiting experiments at control sites had indicated that the 
background densities of feral honey bees in the study area were negligible. 
Consequently, the placement of six commercial-strength honey bee hives into 
each experimental site represented a large perturbation to the forests inhabited 
by A. morosus. However, the demographic performance of A. morosus, in 
terms of the number of brood per nest, pupal weights, the proportion of nests 
with either one or more adults, the proportion of brood parasitised and brood 
cells failing per nest for other reasons, was not negatively affected by the 
presence of honey bees in experimental sites in any statistically significant 
sense. Furthermore, the proportion of new nests with one-adult female in 
experimental sites was significantly higher than that in control sites in the 
second year.
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The lack of any detectable negative impact of honey bees on the 
demographic performance A. morosus in terms of reproductive output, 
proportion of nests with either one or more adults, and brood mortality was 
not expected, given the large perturbation to the system represented by the 
honey bee hive treatments, and the fact that A. morosus and honey bees 
overlapped substantially in their use of pollen. It was also surprising to find 
that the proportion of new nests with one adult female was higher in 
experimental sites versus control sites in the second year of the study. Though 
data to explain the above patterns were not collected, three likely hypotheses 
may explain them.
1. A. morosus and honey bees may exhibit spatio-temporal variation in 
their use of the same floral resources. It is likely that A. morosus and honey 
bees have different foraging strategies. The very high energetic requirements of 
honey bee hives (Schmidt-Hempel et al. 1985; Schmidt-Hempel 1987; Moritz 
and Southwick 1992), especially when compared w ith A . morosus nests, may 
mean that honey bees are restricted to high-reward floral patches, whereas A. 
morosus may be able to use more dispersed floral resources.
2. Floral resources were not limiting for A. morosus. Perhaps the overall
levels of floral resources measured in this study were not scarce enough to
promote "crunch2 *7 conditions that would otherwise prom ote competitive
interactions between species with overlapping resource requirements (Wiens 
1977). Though floral resources were apparently lower in the first year (e.g.
flowering by Eucalyptus spp. and Leptospermum spp. was slightly later and less
abundant), differences in the reproductive output of A. morosus betw een 
experimental and control sites in the first year were no greater than that found 
in the second year. It is possible that honey bees may have not substantially 
reduced the standing crop of pollen and nectar in the first year because weather 
conditions could have been generally unfavourable for them (i.e. generally
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much lower temperatures and higher rainfall were recorded during the first 
brood-rearing season of A. morosus).
3. Among new nests in the second year, the survival of adults of A. 
morosus was significantly enhanced within experimental sites. This result was 
unexpected, and could be explained in terms of the 'predator-saturation' 
hypothesis (Schwarz et al. in press). It is possible that the increased biomass of 
bees in experimental sites may have swamped common predators of the two 
bee species, thus ameliorating the potential impact of honey bees on A. 
morosus at experimental sites. Holt (1977) theoretically demonstrated how 
predation may mediate competitive interactions between potential competitors. 
The key prediction of the predator saturation hypothesis when applied to a two- 
species competitive system is that the survival of species A is relatively greater 
when both it and species B are present because predators that prey on both 
species substitute greater numbers of species A for species B in sites containing 
both species. An implicit assumption of this hypothesis is that while the 
densities of such predators may be higher in sites containing both species A and 
B compared with sites containing only species A, for example, this increase in 
density either under-compensates for or lags behind the increase in prey 
biomass occurring in former sites. As a consequence, these predators are 
saturated by prey biomass in sites containing both prey species. The reason why 
the survival of adults of A. morosus was significantly higher in experimental 
sites in year two, but not in year one, can only be speculated upon. It is possible 
the less favourable weather conditions in the first year operated to reduce 
foraging opportunities for both bee species, with the consequence that their 
exposure to potential predation away from nests (by insectivorous birds, for 
example), was reduced. These hypotheses provide interesting areas for further 
research.
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5.2.5 What are the implications of a lack of any negative impact of honey 
bees on A. morosus for other hylaeine bees and other montane 
temperate eucalypt forests?
Given that the densities of the feral honey bees are probably very low in 
the Black Range and Toolangi State Forests (based on the results of the honey 
bee baiting experiment), then in light of the results summarised in Section 
5.2.4, it is unlikely that A. morosus would be adversely affected by feral honey 
bees in these particular forests. From a conservation biology perspective, it is 
important to assess whether this conclusion can be generalised to (i) other 
montane temperate eucalypt forests within Australia, and (ii) other species of 
hylaeine bees, especially since this taxa constitute an important component 
(about 14%) of the 1550 described species of Australian native bee (Cardale 1993).
Results from this study may apply to situations where A. morosus 
inhabits other moist-dry temperate eucalypt forests within the southern Great 
Dividing Range. Since qualitative data suggests that background densities of 
feral honey bees in these forests are generally very low (Paton 1996), which 
concurs with quantitative data obtained by the present study, then this 
prediction may be valid.
Since experimental or observational data on the behaviour and ecology 
of other hylaeine species is generally lacking, it is probably best to adopt a 
cautious approach, and conclude that it is not possible to predict any potential 
impacts of honey bees upon other hylaeine bees at this stage. Without such 
information, any such predictions would be highly speculative. At the very 
least, direct experimental assessments along similar lines to this study (i.e. 
involving experimental manipulations of honey bee densities, measuring 
floral abundance and comparative use of floral resources) are needed to assess 
competitive interactions between other hylaeine species and honey bees. 
Perhaps, several hylaeine species could be assessed within the one experiment 
to increase the efficiency of any planned experiment.
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5.3 Future research directions
This section identifies and discusses two key areas in need of further 
research that emerge from this study. These areas concern: (i) what are the 
possible strategies or ecological factors that allow A. morosus to nest 
cooperatively?; and (ii) what are the possible strategies or ecological factors that 
allow honey bees and A. morosus to share floral resources, but without any 
major competitive impact of the former on the latter?
5.3.1 Experimental assessment of why A. morosus forms multi-female nests
during brood-rearing
It is possible that A. morosus adopts a range of strategies to maintain 
cooperative nesting. One possible way of further examining alternative 
strategies favouring cooperative nesting in A. morosus is offered by models of 
reproductive skew. Reproductive skew models (e.g. 'Incomplete Control7 and 
'Optimal Skew' models) are a recently revised set of models that attempt to 
explain the variation in partitioning of reproduction between dominant and 
subordinate individuals in both invertebrate and vertebrate societies 
(Vehrencamp 1983a, b; Emlen 1982a, b, 1996; Reeve and Nonacs 1992, 1997; 
Reeve and Ratnieks 1993; Keller and Reeve 1994; Bourke and Heinze 1994; 
Bourke et al. 1997; Reeve and Keller 1995, 1996; Reeve et al. 1998). Skew models 
make use of four parameters to predict the proportion of direct reproduction by 
subordinates: ecological constraints on solitary nest founding; genetic 
relatedness between potential breeders; relative fighting ability; and relative 
productivity advantages of a cooperative association compared with solitary 
nesting.
Despite the apparent general applicability of these models (Reeve et al 
1998), they have been subject to little rigorous experimental testing, mainly 
because of a lack of suitable candidate species and insufficient sample sizes. A. 
morosus may provide the key attributes necessary to test these models under 
realistic conditions. These attributes include either natural variation in, or
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variation that may be manipulated in: (i) ecological constraints to independent 
nest founding; (ii) relatedness of nestmates, and (iii) group productivity. There 
is also the potential to obtain large samples of nests of A. morosus from around 
C. australis in montane temperate forests.
The detailed design of an appropriate experiment to assess how 
cooperative nesting in A. morosus may be influenced by key parameter values 
associated with reproductive skew models (i.e. relatedness, group productivity 
and constraints to solitary nesting) is beyond the aims of this study. However, 
it is worth mentioning a few important aspects that such an experiment should 
cover. One, reproductive partitioning in A. morosus should be analysed by 
measuring relative ovary sizes, counting white bodies (resorbed nurse cells) in 
ovarioles, and using either DNA fingerprinting (Mueller et al. 1994; Danforth et 
al. 1996) or microsatellite DNA techniques (Queller et al. 1993, Paxton et al.
1996) to analyse maternity of the brood. Two, the relatedness of nestmates at 
the end of the season should be determined using these DNA techniques.
Three, to facilitate observations of within-nest cooperative behaviours (e.g. cell 
construction, foraging, egg-laying and guarding against parasitoid attack); and 
agonistic behaviours (e.g. nestmate oophagy), some combination of direct 
observations and video camera are needed. Finally, the presence of a 
gelatinous mass within the crop may indicate recent past occurrence of oophagy 
(Stark et al. 1990; Maeta and Sakagami 1995; Hogendoorn 1996).
5.3.2 Experimental assessment of why honey bees do not negatively impact
on A. morosus
One approach to testing the predator saturation hypothesis with respect 
to A. morosus and honey bees would be to set up control and experimental sites 
in a large forest, similar to those used in this study, and analyse: (i) the 
survival rates of A. morosus in experimental versus control treatments; (ii) the 
comparative densities and prey diet of potential predators of both species in 
experimental versus control treatments; and (iii) the survival rates of honey 
bees in experimental treatments. The simplifying assumption that predator
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density is an indicator of potential predation rates will need to be made. Based 
on the results of the baiting experiments, it should not be too difficult to set up 
a number of control sites that possess negligible levels of honey bees in the 
types of forests studied here. To assess how predation on A. morosus varies 
with respect to increasing densities of honey bees, several different honey bee 
treatments should be used. One example might be to allocate commercial- 
strength honey bee hives to honey bee treatments at the start of brood-rearing 
by A. morosus according to a base-5 pattern as follows: 5° = 1 hive, 51 = 5 hives, 
52 = 25 hives. To allow for sufficient within-treatment replication, and given 
that floral resource levels varied between sites in the present study, at least four 
control sites and four sites per honey bee treatment are needed. This amounts 
to 16 sites, and these sites should be randomly allocated within the forest, 
making sure sites are sufficiently far apart from each other (say, > 3 kms) to help 
reduce potentially confounding effects due to honey bees foraging within 
different treatment sites. A larger number of nests of A. morosus (both reused 
and trap) (say, > 50) will then need to be randomly allocated to each site.
The key parameters that need to be measured at each site are: the 
relative frequency of nests of A. morosus with at least one adult female at the 
start of the brood-rearing season, using X-ray techniques (Gerling et al. 1983); 
the relative frequency of nests of A. morosus with at least one adult female at 
the end of the season; the numbers of A. morosus per nest and honey bees per 
hive not returning from foraging trips, presumably because they were predated 
upon while away from the nest, undertaken at frequent intervals through the 
season and using mark-recapture techniques (Southwood 1978); the density of 
potential predatory birds (e.g. the Rainbow Bee-eater, Merops ornatus), assessed 
by direct counts at frequent intervals through the season; the density of 
potential predatory invertebrates (particularly, ant species), sampled at frequent 
intervals through the season, for example, by monitoring ant colonies and by 
sampling flowers visited by bees for the presence of ants at them. Some non­
destructive sampling of the crop or stomach contents of potential predatory 
birds and of the nest contents of potential predatory ants will be needed to
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assess how much of their diets comprise bees, otherwise the density estimates 
of such predators cannot be interpreted in terms of how much predation may 
be occurring within sites. Since ants can be excluded from areas using sticky 
'Tanglefoot', about 20 nests of A. morosus per site and at least one honey bee 
hive per site could have this material applied to them at various times to 
investigate ant predation pressure on them.
One way of assessing the hypothesis that honey bees did not reduce the 
standing crop of pollen and nectar resources available to A. morosus to such an 
extent that the reproductive output of A. morosus was reduced, would be to 
run the above experiment over two years but expand it in several ways. This 
experiment would have four key aspects. One, different honey bee treatments 
following the experimental design described above to assess the predator 
saturation hypothesis should be used. In fact, the two experiments could be run 
concurrently. Two, changes in pollen and nectar levels should be measured at 
each site at frequent intervals throughout the brood-rearing season. Three, 
changes in weather conditions at each site should be measured at frequent 
intervals. Different foraging parameters of A. morosus and honey bees (e.g. 
timing, duration and frequency of foraging) should be measured at each site at 
frequent intervals. Four, following the protocol used in the present study, the 
reproductive output and survival of A. morosus should be measured at each 
site at the end of the brood-rearing season, and analyses of the demographic 
performance of A. morosus in control versus honey bee treatments carried out. 
Possible experiments to address the second and third aspects are now briefly 
discussed.
Observations from the present study (transect data and 
presence/absence data on floral abundances) indicate that the spatial variability 
in the distributions of flowering species was relatively high. One way of 
capturing more this variability, may be to sample a large number of flowering 
eucalypts and other potentially significant floral hosts within a 10m band radius 
of, say 50m, 100m and 500m of the centre of each site. Sampling should take
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place at regular intervals throughout the season to assess changes in floral 
abundance, and throughout some days to assess changes in nectar and pollen 
loads of flowers. Eucalypt flowers will be very difficult to sample, given the 
height of most mature eucalypt trees. Perhaps tree scaling equipment or 
demountable trestles placed against several designated trees could be used to 
continually access flowering branches during a sampling period. Techniques 
for measuring standing crop of pollen and nectar (e.g. micropipettes or syringes 
to draw nectar samples from flowers) are described in Kearns and Inouye (1993) 
and Paton (1990, 1995).
To assess the sources of pollen and nectar used by honey bees, a large 
number of foragers should be sampled at regular intervals using pollen trap 
and net sampling. Honey bees caught in nets could be sampled for nectar by 
gently squeezing them to induce them to regurgitate. A large sample of brood 
cells of A. morosus and honey bees should be collected for latter determinations 
of their pollen and nectar contents. Although larval food samples are 
destructive samples, they are necessary if the chemical composition of nectar 
and pollens are to be assessed, since only pollen exines and frass remain once a 
larva commences pupation. If possible, the timing of brood cell constructions 
should be recorded so that they can be related back to changes in floral 
phenology. Assessing plant origins of pollens and abundances of pollen grains 
on honey bee foragers and within brood cells of A. morosus should be 
reasonably straightforward, provided a "pollen library' of the different plant 
species flowering in the area is set up. These assessments should use high 
resolution oil-immersion microscope techniques and appropriate staining 
methods (Kearns and Inouye 1993). Determining the sources of nectar collected 
by A. morosus or honey bees will not be straightforward. Unlike pollen, nectar 
cannot be characterised by simply examining the relative frequencies of 
constituent grains (Kearns and Inouye 1993). Perhaps these assessments could 
use high resolution chemical analyses of nectar collected from bees and from 
different flowering species in the area, for example, by using gas or high-
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performance liquid chromatography, refractometry and atomic absorption 
spectrophotometery (Kearns and Inouye 1993).
The extent to which foraging efforts by A. morosus and honey bees are 
reduced by poor weather conditions can be assessed by measuring the timing, 
frequency and duration of foraging trips of both species in relation to air 
temperature, wind speed, light and relative humidity using standard 
meteorological monitoring equipment. The timing of foraging trips will also 
allow assessments of whether A. morosus commences foraging at 
approximately the same of time of day as honey bees (i.e. shortly after daybreak, 
Moritz and Southwick 1992; Paton 1996) and thus, are able to access floral 
resources before honey bees may appreciable deplete them. Data on foraging 
duration of A. morosus in experimental versus control sites will be interesting. 
Under conditions of comparatively similar levels of floral resource between 
experimental and control sites, it may be the case that if honey bees are reducing 
floral resources available to A. morosus, then A. morosus has to forage longer 
for pollen and nectar. About 20 nests of A. morosus per site and at least one 
honey bee hive per site should be monitored throughout daylight hours.
Several observers will be needed because these observations should be carried 
out on the same day among the 16 sites. This experiment should be repeated at 
regular intervals.
A final recommendation regarding future studies of floral resource 
competition between honey bees and native bees should be made. Paton (1996) 
and Gibbs and Muirhead (1998) conclude that a 'removal' experimental design 
rather than an 'additive' experimental design should be employed. In a 
removal design, experimental sites now become those sites where honey bees 
are eradicated and so their densities are effectively zero. Control sites are those 
sites left at 'background' densities of honey bees, as they would in an 'additive' 
design. Quite rightly, both studies point out that a removal design will enable 
the impacts of existing levels of honey bees within the subject forests to be 
assessed. Furthermore, if present densities of honey bees are already high, then
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an additive design may not be sufficiently powerful to detect change (Paton 
1996). On the other hand, removal designs are less practicable than additive 
designs since existing feral honey bee numbers need to be reduced through 
extensive trapping over a wide area. Given that feral honey bee colonies can be 
patchily distributed (Oldroyd et al. 1997), then removing these colonies at each 
designated experimental sites may result in a non-uniform treatment effect at 
those sites. Adding a fixed number of hives to designated experimental sites, 
however, may produce fairly consistent honey bee treatment effects across such 
sites, thereby simplifying later statistical analyses. Additive designs also have 
predictive utility whereas removal designs do not (Keddy 1989), particularly 
where existing densities of honey bees are already very low. This was 
demonstrably the case in this study and is probably the case for most of the 
other forests of the Central Highlands of Victoria (Paton 1996). As discussed 
above, the robustness of the findings of the present study to more typical 
situations is enhanced by the fact that no significantly adverse impact of honey 
bees on A. morosus was detected, despite having artificially elevating honey bee 
densities by a large amount (effectively by six commercial-strength honey bee 
hives per site). Moreover, if background densities of feral honey bees in these 
types of forests were to ever increase, for whatever reason, then it will be the 
results from studies with additive experimental designs such as the present 
study and the ones outlined above, that will be most relevant.
5.4 Recommendations for future management of honey bees in 
native Australian forests
The general lesson to draw from the present study in relation to honey 
bee-non-honey bee competitive interactions is that these potential interactions 
cannot be assessed without at least some understanding of the behaviour and 
population ecology of the species in question. Knowledge of the lifecycle, 
nesting behaviour, demography and floral resource usage of these species is 
fundamental to any such assessments, although detailed knowledge of sociality
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of either species is perhaps not essential for inferring competitive impacts. As a 
corollary, in the absence of any such knowledge nor indeed, any such 
assessments, the development of management plans concerning the 
introduced honey bee in native Australian forests (e.g. guidelines for the 
conduct of apiculture on public lands managed by the Dept of Natural 
Resources and the Environment, Victoria (G. Niewand pers. comm.)) should be 
undertaken in adherence to the basic tenets of the precautionary principle 
(Lowe 1996; Diesendorf 1997). This principle is essentially based on the premise 
that full scientific certainty should not delay management or legislative 
responses, if the consequences might be serious or irreversible. Furthermore, 
available scientific information and expertise should be used as much as 
possible to develop management plans from initial drafting and consultation 
among stakeholders (e.g. land managers and industry) through to the 
implementation stage. The Flora and Fauna Guarantee Act 1988 and the Land 
Conservation Act 1970, which are legislation specifically relevant to species and 
forest conservation in Victoria, also have clear requirements for involvement 
of scientific experts. Finally, scientific information and expertise should form 
the basis for formulating risk-weighted recommendations for action wherever 
feasible. This is illustrated below.
Although the overall weight of evidence emerging from experimental 
studies of whether feral and managed honey bees negatively impact on native 
biota in Australian forests (e.g. Sugden and Pyke 1991; Vaughton 1992, 1996; 
Oldroyd et al. 1994; Paton 1990, 1995; Gross and Mackay 1998; Schwarz et al. in 
press; the present study) is equivocal, the number of such assessments is much 
less than the possible range of taxa that may potentially interact with honey 
bees. Given that comparatively few experimental assessments of honey 
bee-non-honey bee interactions have been undertaken in Australia, and 
applying the precautionary principle, one recommendation might be that feral 
honey bee populations in conserved areas with high species endemism (e.g 
some threatened communities listed under the Flora and Fauna Guarantee Act 
1988 (Victoria)) should be eradicated, or at the very least, controlled. Another
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might be that commercial beekeeping activities should be excluded from such 
areas. Furthermore, commercial beekeeping activities in National Parks and 
other conserved areas, in general, should be restricted to forests exhibiting 
honey-flow conditions only. These recommendations have already been 
canvassed, albeit in slightly different forms, in numerous studies and reviews 
of the impacts of feral and managed honey bees on Australian biota (e.g.
Sugden et al. 1997; Oldroyd et al. 1997; Paton 1996; Schwarz et al. in press).
No published recommendations currently exist, however, on what 
should be done about feral honey bees and commercial beekeeping in forests 
with a long history of disturbance (e.g. commercially logged state forests such as 
the Black Ranges and Toolangi State Forests used in the present study). One 
possible recommendation for such forests, in the short to medium term, is that 
they should be used more extensively for properly planned ecological 
experiments to: (i) assess potential competitive interactions between honey 
bees and native species; and (ii) investigate the effectiveness of control 
measures for feral honey bees (e.g. pesticide impregnated sucrose syrup baits 
(Williams et al. 1989; Oldroyd 1998)), and various restrictive measures for 
commercial beekeeping (e.g. hive placement restricted to forest honey-flow 
conditions only (Schwarz et al. in press)).
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APPENDIX A
Dissection data on adult females of A. morosus used in the social behaviour 
analyses, showing for each bee, collection date (Sample) (1: 6-Nov 1992, 2: 25-Nov 
1992, 3: 20-Dec 1992,4: 8-Jan 1993 -  all from Black Range and Toolangi State 
Forests), bee category (1: one-adult newly-founded nest, 2: one-adult reused nest, 
3: smaller bee in a two-adult females reused nest, and 4: larger bee in a two-adult 
females reused nest), body size (Wing length), sum of the three largest ovaries 
(Summed ovary sizes), and wing wear index (0-9: number of wing nicks, 10: wings 
tattered).
S am ple B ee W in g  len g th S u m m ed W in g  w ear
category (1 u n it = 1 m m ) ovary s iz e s
(1 u n it = 0.04 m m )
1 1 8.4 107 2
1 1 8.2 101 6
1 1 8.5 141 1
1 1 8.7 230 2
1 1 8 150 0
1 1 7.9 194 3
1 1 8 141 3
1 2 8.1 166 0
1 2 8.4 176 1
1 2 8.7 188 3
1 2 8 137 10
1 2 8.3 150 0
1 2 7.8 143 1
1 2 7.9 136 2
1 2 8.6 169 1
1 2 7.9 174 1
1 2 7.7 150 0
1 2 8.4 149 2
1 3 7.8 146 0
1 3 6.8 121 1
1 3 8.4 112 0
1 3 8.6 141 3
1 3 7.4 129 0
1 4 8.7 164 2
1 4 8.4 136 0
1 4 8.4 118 2
1 4 8.6 203 4
1 4 7.9 181 3
2 1 8 82 1
2 1 8.3 136 5
2 1 8.4 130 1
2 1 8.9 160 10
2 1 8.9 212 0
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2 1 8.1 133 1
2 1 8.5 156 2
2 1 7.9 157 0
2 1 8 115 5
2 2 8.8 130 6
2 2 8.1 151 1
2 2 8.4 163 3
2 2 8.7 138 0
2 3 8 190 2
2 3 8.1 140 0
2 3 8.5 133 0
2 3 7.6 96 0
2 3 7.9 148 0
2 3 8.3 128 7
2 3 7.6 125 0
2 4 8.3 163 0
2 4 8.2 183 9
2 4 8.5 152 1
2 4 8.9 152 1
2 4 8.9 160 4
2 4 8.8 106 0
2 4 9.1 146 2
3 1 7.8 112 3
3 1 8 109 10
3 1 8.4 156 2
3 1 8.3 131 10
3 1 8.8 113 3
3 1 8.4 152 6
3 1 8.3 143 1
3 1 8.5 117 3
3 2 8 125 3
3 2 8.8 204 1
3 2 8.3 77 1
3 2 8 184 1
3 2 7.5 113 4
3 2 8.1 86 5
3 3 8.2 80 0
3 3 7.8 96 0
3 3 7.4 158 0
3 3 7.7 61 2
3 4 8.5 135 2
3 4 8.5 196 4
3 4 8.2 130 10
3 4 7.9 155 4
4 1 8.7 60 1
4 1 8.4 86 1
4 1 8.3 49 1
4 1 8.8 77 2
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4 1 7.6 49 10
4 2 7.9 31 0
4 2 8.1 50 1
4 2 8 70 4
4 2 8.3 54 10
4 2 8.6 94 5
4 2 8.3 123 3
4 2 7.8 43 5
4 2 8 56 1
4 3 8.2 72 0
4 3 8.2 57 9
4 3 7.2 44 0
4 4 8.3 70 7
4 4 8.4 69 0
4 4 8 57 2
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APPENDIX B
Data on reproductive output of A. morosus used in the social behaviour analyses, 
showing for each nest, collection date (sample) (1: 6-Nov 1992,2: 25-Nov 1992, 3: 
20-Dec 1992, 4: 8-Jan 1993- all from Black Range and Toolangi State Forests, 5: 20- 
Nov 1993- Dandenong Ranges National Park), nest type (1: newly-founded, 2: 
reused), number of adult females (NAF), and total number of brood cells per nest
(TNBCN).
Sam ple N est type NAF TNBCN
1 1 1 0
1 1 1 1
1 1 1 0
1 1 1 0
1 1 1 0
1 1 1 0
1 2 1 0
1 2 1 3
1 2 1 0
1 2 1 0
1 2 1 0
1 2 1 0
1 2 1 0
1 2 1 0
1 2 1 1
1 2 1 2
1 2 1 0
1 2 1 0
1 2 2 1
1 2 2 0
1 2 2 0
1 2 2 0
1 2 2 4
1 2 3 1
1 2 3 2
1 2 3 1
2 1 1 1
2 1 1 0
2 1 1 0
2 1 1 0
2 1 1 0
2 1 1 0
2 1 1 0
2 1 1 0
2 1 1 1
2 1 1 1
2 2 1 3
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2 2 1 1
2 2 1 2
2 2 1 4
2 2 1 1
2 2 2 7
2 2 2 4
2 2 2 2
2 2 2 3
2 2 2 9
2 2 2 6
2 2 3 3
3 1 1 2
3 1 1 2
3 1 1 2
3 1 1 0
3 1 1 2
3 1 1 4
3 1 1 3
3 1 1 3
3 1 1 1
3 2 1 3
3 2 1 0
3 2 1 3
3 2 1 4
3 2 1 3
3 2 1 1
3 2 1 2
3 2 2 12
3 2 2 4
3 2 2 9
3 2 2 8
4 1 1 2
4 1 1 0
4 1 1 1
4 1 1 2
4 1 1 1
4 1 1 4
4 1 1 0
4 1 1 3
4 2 1 3
4 2 1 1
4 2 1 3
4 2 1 11
4 2 1 3
4 2 1 3
4 2 1 3
4 2 1 3
4 2 1 12
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
2
2
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
6
8
0
2
1
1
3
4 
11
4
5 
7 
1 
1 
1 
1 
1 
2 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1
3 
0
4 
3 
3 
6 
8 
0 
3 
2
3 
1 
1
4 
2 
0 
1
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5 3 2 8
5 3 2 8
5 3 2 10
5 3 2 6
5 3 2 10
5 3 2 5
5 3 2 8
5 3 2 3
5 3 2 1
5 3 2 3
5 3 2 5
5 3 2 2
5 3 2 8
5 3 2 7
5 3 2 5
5 3 2 5
5 3 2 6
5 3 2 2
5 3 2 4
5 3 2 6
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APPENDIX C
A pilot study consisting of one individual from each of 20 nests of 
Amphylaeus morosus was undertaken by Dr Mark Adams (Evolutionary 
Biology Unit, South Australian Museum) to identify allozyme markers 
suitable for the determination of intra-colony relatedness. All available 
females from multi-female nests were then screened for every enzyme locus 
displaying any allelic variation. The following 38 enzymes or non- 
enzymatic proteins were successfully assayed in the pilot study: aconitase 
hydratase (ACON, EC 4.2.1.3), aminoacylase (ACYC, EC 3.5.1.14), alcohol 
dehydrogenase (ADH, EC 1.1.1.1), adenylate kinase (AK, EC 2.7.4.3), fructose- 
bisphosphate aldolase (ALD, EC 4.1.2.13), aldehyde oxidase (AO, EC 1.2.3.1), 
arginine kinase (ARGK, EC 2.7.3.3), diaphorase (DIA, EC 1.6.99), enolase 
(ENOL, EC 4.2.1.11), esterase (EST, EC 3.1.1), fructose-bisphosphatase 
(FDPASE, EC 3.1.3.11), fumarate hydratase (FUM, EC 4.2.1.2), glyceraldehyde- 
3-phosphate dehydrogenase (GAPD, EC 1.2.1.12), guanine deaminase (GDA, 
EC 3.5.4.3), lactoylglutathione lyase (GLO, EC 4.4.1.5), aspartate 
aminotransferase (GOT, EC 2.6.1.1), general protein (GP), glucose-6- 
phosphate dehydrogenase (G6PD, EC 1.1.1.49), glucose-6-phosphate 
isomerase (GPI, EC 5.3.1.9), 3-hydroxybutyrate dehydrogenase (HBDH, EC 
1.1.1.30), hexokinase (HK, EC 2.7.1.1), isocitrate dehydrogenase (IDH, EC 
1.1.1.42), cytosol aminopeptidase (LAP, EC 3.4.11.1), L-lactate dehydrogenase 
(LDH, EC 1.1.1.27), malate dehydrogenase (MDH, EC 1.1.1.37), "malic" 
enzyme (ME, EC 1.1.1.40), nucleoside-diphosphate kinase (NDPK, EC 2.7.4.6), 
dipeptidase (PEP-A, EC 3.4.13), tripeptide aminopeptidase (PEP-B, EC 3.4.11), 
dipeptidase (PEP-C, EC 3.4.13), proline dipeptidase (PEP-D, EC 3.4.13), 
phosphoglycerate mutase (PGAM, EC 5.4.2.1), phosphogluconate 
dehydrogenase (6PGD, EC 1.1.1.44), phosphoglycerate kinase (PGK, EC 
2.7.2.3), phosphoglucomutase (PGM, EC 5.4.2.2), pyruvate kinase (PK, EC 
2.7.1.40), L-iditol dehydrogenase (SORDH, EC 1.1.1.14), and triose-phosphate 
isomerase (TPI, EC 5.3.1.1). The nomenclature for referring to loci and 
allozymes follows Adams et al. (1987).
A total of 43 presumptive loci were screened for allozyme variation in the 
pilot study, but only three informative loci (on account of the frequency of 
the common allozyme for each loci being less than 0.9) were found. These 
were were Hbdh (5 alleles), Pep-D (3 alleles) and Sordh (2 alleles). Allozyme 
variation of each of these loci for each bee within each multi-female colony 
assayed are shown below.
Colony Bee number Hbdh Pep-D Sordh
1 1 ac ab ab
1 2 a d a a a a
1 3 oc a a bb
2 1 cd a a ab
2 2 cd a a a a
3 1 ad a a a a
3 2 a d a a a a
4 1 dd a a a a
4 2 dd a a a a
5
5
5
6
6
7
7
8
8
9
9
10
10
11
11
12
12
13
13
14
14
15
15
16
16
17
17
18
18
19
19
20
20
21
21
22
22
283
1
2
3
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
ac
cd
ac
ac
ac
ad
ad
dd
a a
ae
ad
ac
dd
cd
ad
df
dd
cd
cd
ad
ad
ac
ac
cd
ac
ad
cd
ac
cd
oc
ac
cd
ad
ad
cd
ac
ad
a a
a a
a a
a a
ab
ab
ab
ab
bb
a a
a a
ab
bb
ab
aa
aa
be
aa
ab
ab
ab
ab
ab
ab
aa
a a
aa
ab
aa
a a
ab
ab
ab
a a
a a
ab
ab
a a 
a a 
ab 
a a 
a a 
ab 
ab 
a a 
a a 
a a 
a a 
a a 
a a 
aa 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
ab 
a a 
ab 
ab 
aa 
a a 
ab 
a a 
aa 
a a 
a a 
a a
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APPENDIX D
Fortran 77 code for undertaking Monte Carlo simulations to investigate the null 
hypothesis that the average of the observed differences between nestmates of 
Amphylaeus morosus, in terms of either body size (wing length), ovary sizes (sum 
of largest three) or wing wear (number of wing nicks), was not greater than that 
generated by random chance alone. The program reads in an array of body size 
data (for example) on bees in one-adult female new nests and one-adult female 
reused nests, an array of body sizes of the smaller of the two bees in two-adult 
female reused nests, an array of body sizes of the larger of the two bees in two- 
adult female reused nests. The latter two arrays are matched, and the average 
difference in observed body size per nest calculated. All bees are pooled and a 
set of 'two-adult nests' is created using random sampling without replacement. 
The simulated set has the same number of nests as the real set. The average 
difference in body size per nest is calculated for the simulated set, and then 
compared with that calculated for the real set. These pooling, creation and 
comparison procedures are repeated 10 000 times. If the proportion of times 
that the simulated difference is greater than the observed difference is less than 
one in twenty (i.e. p = 0.05), then the null hypothesis is rejected.
program buzz 
C
real sing(100),small(100),large(100),meanl,mean2,S(300),hits 
integer posn(100),i,nreps,ndata,nsing,npairs,iflag,rep,itemp 
C sing(lOO): array to read in bees from one-female nests 
C small(lOO): array to read in smaller bees from two-female nests 
C large(100): array to read in larger bees from two-female nests 
C iflag: random seed
C nreps: number of simulations (e.g. 10 000)
C nsing: number of one-female nests 
C npairs: number of two-female nests 
C
C read in arrays and calculate average observed difference 
C
open(unit=2,f ile=' all_bees .in') 
read(2,*)iflag 
read(2,*)nreps 
read(2,*)nsing 
read(2,*)npairs 
read(2,*)(small(i),i=l, npairs) 
read(2,*)(large(i),i=l, npairs) 
read(2,*)(sing(i),i=l, nsing) 
meanl=0 
do 3 i=l,npairs
meanl=meanl+abs(small(i)-large(i))
3 continue
meanl=meanl /npairs 
write(6,*)'observed differences mean’,meanl 
C
C Pool all bees 
C
ndata=npairs*2+nsing 
do 99 i=l,npairs
285
S(i)=small(i)
99 continue
do 199 i=l,npairs 
S(npairs+i)=large(i)
199 continue
do 299 i=l,nsing 
S(2*npairs+i)=sing(i)
299 continue 
C
C Create simulated set of two-female nests from pool, using random sampling 
C without replacement 
C
hits=0
do 5 rep=l,nreps 
do 10 i=l,npairs*2 
1000 continue
itemp=int(rand(0)*ndata)+l 
if (i.eq.l) then 
goto 2000 
endif
do 15 j=l,i-l
if (itemp.eq.posn(j)) then
goto 1000
endif
15 continue
2000 continue
posn(i)=itemp 
10 continue
C
C Compare average simulated difference (mean 2) with average observed 
C difference (meanl), and if greater, update the number of hits 
C
mean2=0
do 600 i=l,npairs*2-l,2 
mean2=mean2+abs(S(posn(i))-S(posn(i+l)))
600 continue
mean2=mean2 /npairs 
66 format(F6.3)
C
if (mean2.gt.meanl) then 
hits=hits+l 
endif 
C
5 continue
C
C Calculate the proportion of times (hits) the simulated difference was greater 
C than the observed difference 
C
write(6,^'probability that the observed mean difference is exceeded' 
write(6,*)'by a randomly generated mean difference equals' 
write(6,*)hits/nreps 
C
close(2)
end
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APPENDIX E
Results of baiting experiments undertaken in control and experimental sites 
during early summer of 1992-93 and 1993-94 as part of the floral resource 
competition experiment in the Black Range and Toolangi State Forests. Raw 
data shown are numbers of honey bees recorded at each bait at the start and 
end of the observation period in relation to year (one, two), honey bee 
treatment (HB, no = control site without honey bee hives, yes = experimental 
site with honey bee hives), site, bait number (two per site) and on which day the 
observations took place.
Year HB Site Bait Observ”
day
Start
time
Finish 1st observ11 2nd observ1 
time (X # hbees) (X # hbees)
1 no 5 1 3 11:00 11:40 0 0
1 no 5 2 4 14:00 14:40 0 0
1 no 6 1 1 11:00 11:40 0 0
1 no 6 2 2 14:00 14:40 0 0
1 no 7 1 1 13:00 13:40 0 0
1 no 7 2 2 12:00 12:40 0 0
1 no 8 1 3 13:00 13:40 0 0
1 no 8 2 4 12:00 12:40 0 0
1 yes 1 1 3 14:00 14:40 0 0
1 yes 1 2 4 11:00 11:40 19 34
1 yes 2 1 3 12:00 12:40 0 0
1 yes 2 2 4 13:00 13:40 3 10
1 yes 3 1 1 12:00 12:40 51 56
1 yes 3 2 2 13:00 13:40 8 10
1 yes 4 1 1 14:00 14:40 0 0
1 yes 4 2 2 11:00 11:40 30 34
Mean honeybee counts at experimental sites 13.88 18.00
s.e. 6.54 7.39
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Year HB Site Bait Observ"
day
Start
tim e
Finish
time
1st observ1 
(X # hbees)
2nd observ1 
(X # hbees)
2 no 1 1 3 13:00 13:40 0 0
2 no 1 2 4 12:00 12:40 0 0
2 no 2 1 3 11:00 11:40 0 0
2 no 2 2 4 14:00 14:40 0 0
2 no 3 1 1 11:00 11:40 0 0
2 no 3 2 2 14:00 14:40 0 0
2 no 4 1 1 13:00 13:40 0 0
2 no 4 2 2 12:00 12:40 0 0
2 yes 5 1 3 12:00 12:40 5 5
2 yes 5 2 4 13:00 13:40 17 12
2 yes 6 1 1 12:00 12:40 18 15
2 yes 6 2 2 13:00 13:40 14 2
2 yes 7 1 1 14:00 14:40 39 38
2 yes 7 2 2 11:00 11:40 0 0
2 yes 8 1 3 14:00 14:40 0 0
2 yes 8 2 4 11:00 11:40 60 52
M ean honeybee counts at experim ental sites 19.13 15.50
s.e. 7.35 6.85
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Data on wet and dry pupal weights of A. morosus used in the sex allocation 
analyses, showing for each pupa, site number (Site), treefem number (Treef), cell 
position (Cell, 1: bottom end of nest), sex of pupa (1: male, 2: female), wet weight 
(mg), and oven-dried weight (mg).
S ite T reef N e s t C e ll P sex W et w e ig h t D ry  w e ig h t
5 1 100 1 2 93 29.4
5 1 100 2 2 81 27.3
5 1 101 1 2 70 17.2
5 1 101 3 1 99 24.5
5 1 101 4 1 100 29.4
5 1 101 5 1 101 33.3
5 1 101 6 1 102 31.5
5 1 102 2 2 103 31.5
5 1 102 3 1 77 23
5 1 102 4 1 96 29.1
5 1 102 5 1 89 28
5 1 102 6 1 81 23.2
5 1 102 7 1 94 30
5 1 102 8 1 95 27.5
5 1 102 9 1 103 32.7
5 1 102 11 1 103 33.7
5 1 103 3 1 98 27.6
5 1 103 4 2 105 33.5
5 1 103 5 1 103 33.5
5 1 103 6 1 118 37.3
5 1 103 7 1 90 28
5 1 103 8 1 117 36.6
5 1 103 9 1 108 34.8
5 1 103 10 1 106 31.3
5 1 103 11 1 106 33
5 1 103 12 1 97 30.7
5 1 104 1 2 84 26.1
5 1 104 3 2 104 32.8
5 1 104 4 1 79 23
5 1 104 5 1 88 25.4
5 1 105 1 2 89 26.3
5 1 105 2 2 86 24.6
5 1 105 3 2 87 26.8
5 1 106 3 1 75 22.2
5 1 106 4 1 86 28.3
5 1 106 5 1 110 36.2
5 1 106 6 1 98 30.1
5 1 106 7 1 104 35
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
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1 106 8 1 102 30.7
1 106 9 1 79 26
1 107 4 2 36 11.3
1 107 5 2 91 27.6
1 107 6 2 97 30.3
1 108 1 2 113 34.8
1 108 2 2 113 35.7
1 108 3 2 99 32
1 108 4 1 89 26
1 109 1 2 101 32.7
1 109 2 2 104 35.3
1 109 5 1 104 33.3
1 109 6 1 87 27.4
1 110 1 2 117 36
1 110 2 2 108 33
1 110 3 1 110 35.8
1 110 5 1 90 27.1
1 110 6 1 104 32.3
1 110 7 1 101 29.3
1 110 8 1 73 20.5
1 110 9 1 68 21.1
1 110 10 1 66 20
1 110 11 1 91 29.6
1 110 12 1 68 20.6
1 110 13 1 75 22.6
1 110 14 1 83 25.8
1 111 1 2 109 36.1
1 111 2 2 122 38.1
1 111 3 2 117 38.4
1 111 4 2 114 21.2
1 111 5 1 94 28.6
1 111 6 1 88 27.4
1 111 7 1 78 23.5
1 111 8 1 82 23.9
1 111 9 1 103 33.7
1 111 10 1 102 31.9
1 111 11 1 81 23.2
1 111 12 1 98 33.9
1 111 13 1 86 28.5
1 111 14 1 98 30.1
3 100 3 2 83 25.1
3 101 1 2 77 25.4
3 101 2 2 92 29
3 101 3 2 85 24.4
3 101 5 1 63 20.8
3 101 6 1 60 17.9
3 101 7 1 71 20.6
3 101 8 1 71 21.2
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6 3 101 9 1 77
6 3 101 10 1 61
6 3 101 11 1 59
6 3 101 12 1 39
6 3 101 13 1 68
6 3 102 5 1 82
6 3 103 1 2 93
6 3 103 3 2 85
6 3 104 1 2 79
6 3 104 2 2 82
6 3 104 3 2 97
6 3 106 1 2 68
6 3 110 4 1 92
6 3 113 1 2 106
6 3 113 2 2 84
6 3 113 3 2 87
6 3 113 4 2 82
6 3 113 5 1 89
6 3 113 6 1 93
6 3 113 7 1 67
6 3 113 9 1 89
6 3 113 10 1 75
6 3 114 4 1 77
6 3 114 5 1 73
6 3 115 1 2 98
6 3 115 2 2 85
6 3 115 3 1 77
6 3 115 4 1 70
6 3 115 5 1 89
6 3 115 6 1 103
6 3 115 7 1 103
6 3 115 8 1 86
6 3 115 9 1 65
6 3 115 10 1 62
7 2 100 2 2 173
7 2 100 3 2 169
7 2 100 4 1 100
7 2 100 5 1 173
7 2 100 6 1 151
7 2 100 8 1 140
7 2 100 9 1 151
7 2 100 10 1 139
7 2 100 12 1 103
7 2 100 13 1 104
7 2 101 1 2 71
7 2 101 2 2 76
7 2 101 3 2 98
7 2 104 3 2 76
23
17.3
16.3
12.9 
10.2
21.5
31.9
16.3
22.5
28.6
29.5
20.5
26.7
32.9
26.9 
25
24.1
25.5
26.7
21.7
24.5
21.9
21.2
22.6
31.7
28.7 
28.2
21.8
25.8
32.4 
23.6
14.8 
18
18.5
36.1
38.3
30.1
37.3
34.2
30.4
37.3
30.3
25.9
29.8
19.6
19.1
22.1 
23.1
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
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2 105 1 2 128 28.8
2 105 2 2 120 30
2 105 3 2 122 30.5
2 105 4 2 98 24
2 105 5 1 78 28.3
2 105 6 1 72 18.3
2 105 7 1 125 27.8
2 105 8 1 62 15.5
2 105 9 1 81 18.1
2 105 10 1 94 24.3
2 105 11 1 84 19.6
2 105 12 1 75 16.9
2 105 13 1 66 16.6
2 107 1 2 128 34.5
2 107 2 2 98 27.9
2 107 3 2 97 29.2
2 107 4 1 89 27.6
2 107 5 1 85 25.9
2 107 6 1 70 18.2
2 107 7 1 85 20.3
2 107 9 1 63 13
2 107 10 1 74 18.8
2 107 12 1 68 17.5
2 108 2 2 105 27.4
2 109 1 2 154 36.6
2 109 3 1 119 28.9
2 109 5 1 118 34.2
2 110 1 2 85 26
2 110 2 2 97 23.9
2 110 3 1 111 24.7
2 110 5 2 126 31.6
2 110 7 2 109 14.7
2 111 1 2 109 24.7
2 111 2 2 88 24
2 111 4 2 88 20.3
2 111 5 1 68 21.2
2 114 1 2 118 27.8
2 114 2 2 115 22.5
2 114 3 2 95 19
2 115 1 2 124 27.4
2 115 2 2 117 30.1
1 100 2 2 90 28.4
1 100 5 1 87 26.1
1 101 1 2 99 32
1 101 6 1 103 29.8
1 101 7 1 90 27.6
1 101 9 1 90 26.4
1 101 10 1 77 23.5
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8 1 101 11 1 62
8 1 101 13 1 90
8 1 101 15 1 78
8 1 102 1 2 88
8 1 102 2 2 90
8 1 105 1 2 102
8 1 105 2 2 89
8 1 105 3 2 105
8 1 106 4 1 90
8 1 106 5 1 94
8 1 106 7 1 101
8 1 106 11 1 89
8 1 108 3 1 103
8 1 108 5 1 77
8 1 109 2 2 108
8 1 109 3 2 112
8 1 109 4 1 85
8 1 109 5 1 113
15.3
25.9
22.5
26.7
29.9
31.9
25.8
32.4 
25.3
27
30.1
24.9
26.9
20.6
34.1 
33.8 
22.7
32.2
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APPENDIX G
Data on the number of frames of honey bee brood per hive collected from 
experimental sites in mid-summer as part of the floral resource competition 
experiment undertaken in the Black Range and Toolangi State Forests in 1992-93 
and 1993-94, showing for each hive (6 per experimental site): year, site and 
number of frames of honey bee brood (Frames).
Year S ite Fram es
1 1 8
1 1 8
1 1 9
1 1 8
1 1 7
1 1 8
1 2 5
1 2 8
1 2 8
1 2 0
1 2 0
1 2 6
1 3 8
1 3 8
1 3 9
1 3 4
1 3 8
1 3 8
1 4 7
1 4 8
1 4 6
1 4 8
1 4 9
1 4 4
2 1 10
2 1 8
2 1 6
2 1 9
2 1 7
2 1 6
2 2 6
2 2 7
2 2 8
2 2 12
2 2 8
2 2 7
2 3 10
2 3 8
2
2
2
2
2
2
2
2
2
2
3
3
3
3
4 
4 
4 
4 
4 
4
9
9
10 
5 
7 
3 
10 
9 
7 
13
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APPENDIX H
Pollen use data on A. morosus collected from the floral resource competition 
experiment undertaken in the Black Range and Toolangi State Forests in 1992-93 
and 1993-94, showing percentage breakdown of different floral groups used by 
year, honey bee treatment (HB, 1: control site- no honey bee hives, 2: experimental 
site- honey bee hives added), site, treefern number (Treef), nest number (Nest), and 
cell position (Cell). Eucs: Eucalyptus spp.; Lepto: Leptospermum spp.; Legume: 
Fabaceae spp.; Acacia: Acacia spp.; and Banksia: Banksia marginata.
YEAR ONE
HB Site Treef Nest Cell Eucs Lepto Legume Acacia Banksia Unknown
2 3 1 5 2 0 0 99 0 0 1
2 3 1 5 4 83 8 0 5 0 4
2 3 1 5 6 100 0 0 0 0 0
2 3 1 11 1 0 0 92 6 0 2
2 3 1 11 2 81 17 0 0 0 2
2 3 1 11 8 100 0 0 0 0 0
2 3 1 34 3 98 0 0 0 0 2
2 3 1 34 5 17 79 0 0 0 4
2 3 1 34 6 0 0 100 0 0 0
2 3 1 60 2 100 0 0 0 0 0
2 3 1 60 6 87 6 0 6 0 1
2 3 1 60 10 97 0 0 0 0 3
2 3 1 61 1 0 0 96 0 0 4
2 3 1 61 2 86 0 5 9 0 0
2 3 1 61 4 85 0 9 0 0 6
2 3 1 68 1 63 11 0 12 0 14
2 3 1 68 2 92 0 8 0 0 0
2 3 1 68 3 84 13 0 0 0 3
2 3 1 69 1 0 0 100 0 0 0
2 3 1 69 2 99 0 0 0 0 1
2 3 1 69 3 97 0 0 0 0 3
2 3 1 508 1 97 0 0 0 0 3
2 3 1 508 3 78 15 0 0 0 7
2 3 1 508 4 79 10 0 5 0 6
2 3 1 510 1 87 9 0 0 0 4
2 3 1 510 2 89 7 0 0 0 4
2 3 1 510 3 85 7 0 0 0 8
2 3 1 608 1 0 0 97 0 0 3
2 3 1 608 4 87 10 0 0 0 3
2 3 1 608 7 71 12 0 5 0 12
2 4 1 22 1 0 20 78 0 0 2
2 4 1 22 5 10 16 70 0 0 4
2 4 1 22 9 89 0 9 0 0 2
2 4 1 34 1 97 0 0 0 0 3
2 4 1 34 2 86 0 9 3 0 2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
4 1 34 2 86 0 9 3 0 2
4 1 34 3 0 0 97 0 0 3
4 1 40 1 68 12 7 5 0 8
4 1 40 2 96 0 0 0 0 4
4 1 40 3 96 0 0 0 0 4
4 2 7 2 12 17 64 0 0 7
4 2 7 5 98 0 0 0 0 2
4 2 7 8 0 96 0 0 0 4
4 2 8 1 0 15 74 6 0 5
4 2 8 3 0 0 100 0 0 0
4 2 8 4 81 2 11 0 0 6
4 2 10 3 72 13 13 0 0 2
4 2 10 6 0 0 100 0 0 0
4 2 10 8 82 7 6 0 0 5
4 2 18 2 70 16 9 0 0 5
4 2 18 6 100 0 0 0 0 0
4 2 18 10 12 0 88 0 0 0
4 3 2 1 0 0 92 4 0 4
4 3 2 2 99 0 0 0 0 1
4 3 2 3 10 60 15 0 0 15
4 3 27 2 0 0 87 13 0 0
4 3 27 4 0 0 100 0 0 0
4 3 27 7 16 0 80 0 0 4
4 3 29 2 0 10 82 0 0 8
4 3 29 5 96 0 0 0 0 4
4 3 29 7 14 10 73 0 0 3
2 1 2 1 27 5 52 10 0 6
2 1 2 3 21 7 68 0 0 4
2 1 2 5 17 10 68 0 0 5
2 1 4 1 96 0 0 0 0 4
2 1 4 5 0 0 96 0 0 4
2 1 4 9 100 0 0 0 0 0
2 1 5 1 98 0 0 0 0 2
2 1 5 4 34 5 57 0 0 4
2 1 5 8 23 12 64 0 0 1
2 1 16 1 0 96 0 0 0 4
2 1 16 2 96 0 0 0 0 4
2 1 16 3 30 8 56 0 0 6
2 2 1 1 0 15 65 18 0 2
2 2 1 2 0 5 65 27 0 3
2 2 1 3 18 5 55 6 0 16
2 2 11 1 0 83 0 15 0 2
2 2 11 2 18 13 65 0 0 4
2 2 11 3 0 0 97 0 0 3
2 2 49 1 16 11 59 0 0 14
2 2 49 2 17 11 64 0 0 8
2 2 49 3 0 0 99 0 0 1
2 3 2 1 15 5 66 12 0 2
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2 2 3 2 3 0 15 85 0 0 0
2 2 3 2 4 30 7 58 0 0 5
2 2 3 23 1 98 0 0 0 0 2
2 2 3 23 2 26 15 53 0 0 6
2 2 3 23 3 0 0 100 0 0 0
2 2 3 33 1 0 100 0 0 0 0
2 2 3 33 2 27 14 52 0 0 7
2 2 3 33 3 98 0 0 0 0 2
1 6 1 5 1 98 0 0 0 0 2
1 6 1 5 2 0 29 55 10 0 6
1 6 1 5 3 90 0 9 0 0 1
1 6 1 9 1 93 0 3 0 0 4
1 6 1 9 2 91 0 7 0 0 2
1 6 1 9 3 90 0 6 0 0 4
1 6 1 26 2 99 0 0 0 0 1
1 6 1 26 4 96 0 0 0 0 4
1 6 1 26 10 99 0 0 0 0 1
1 6 2 4 1 0 0 97 3 0 0
1 6 2 4 3 46 43 4 0 0 7
1 6 2 4 4 96 0 0 0 0 4
1 6 2 20 1 0 33 61 0 0 6
1 6 2 20 2 80 0 9 6 0 5
1 6 2 20 3 47 47 3 0 0 3
1 6 2 23 1 0 36 51 12 0 1
1 6 2 23 4 0 30 66 0 0 4
1 6 2 23 8 45 37 15 0 0 3
1 6 3 503 1 100 0 0 0 0 0
1 6 3 503 3 0 0 98 0 0 2
1 6 3 503 4 97 0 3 0 0 0
1 6 3 504 1 74 0 21 0 0 5
1 6 3 504 2 88 0 8 0 0 4
1 6 3 504 4 97 0 1 0 0 2
1 6 3 522 1 0 38 58 0 0 4
1 6 3 522 3 5 0 95 0 0 0
1 6 3 522 5 96 0 0 0 0 4
1 6 3 523 2 9 0 81 10 0 0
1 6 3 523 5 8 0 86 0 0 6
1 6 3 523 7 100 0 0 0 0 0
1 7 1 7 1 98 0 0 0 0 2
1 7 1 7 3 78 8 11 0 0 3
1 7 1 7 5 86 0 10 0 0 4
1 7 1 26 1 0 0 76 10 0 14
1 7 1 26 2 0 0 98 0 0 2
1 7 1 26 3 37 46 7 0 0 10
1 7 1 29 2 11 83 5 0 0 1
1 7 1 29 4 91 0 5 0 0 4
1 7 1 29 7 98 0 0 0 0 2
1 7 2 14 2 0 98 0 0 0 2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
7 2 14 5 84 0 9 0 0 7
7 2 14 9 87 0 12 0 0 1
7 2 19 1 84 0 14 0 0 2
7 2 19 2 0 91 8 0 0 1
7 2 19 3 83 0 12 0 0 5
7 2 29 1 0 0 88 12 0 0
7 2 29 3 82 10 5 0 0 3
7 2 29 5 37 52 5 0 0 6
7 3 9 1 70 9 15 0 0 6
7 3 9 3 96 0 0 0 0 4
7 3 9 4 99 0 0 0 0 1
7 3 15 2 90 0 9 0 0 1
7 3 15 5 86 0 10 0 0 4
7 3 15 6 0 97 0 0 0 3
7 3 21 1 12 16 65 0 0 7
7 3 21 3 80 0 13 0 0 7
7 3 21 5 92 0 6 0 0 2
7 3 29 2 73 7 5 0 0 15
7 3 29 4 99 0 0 0 0 1
7 3 29 5 91 0 9 0 0 0
1 1 10 1 0 96 0 0 0 4
1 1 10 4 89 0 5 0 5 1
1 1 10 6 97 0 0 0 0 3
1 1 13 1 0 0 91 0 5 4
1 1 13 2 90 0 9 0 0 1
1 1 13 3 96 0 0 0 0 4
1 1 29 1 0 0 94 5 0 1
1 1 29 4 97 0 0 0 0 3
1 1 29 7 88 0 8 0 0 4
1 2 10 2 0 0 97 0 0 3
1 2 10 7 100 0 0 0 0 0
1 2 10 11 6 0 76 0 0 18
1 2 13 2 50 9 16 12 3 10
1 2 13 3 54 0 42 0 0 4
1 2 13 4 9 0 91 0 0 0
1 2 26 1 96 0 0 0 0 4
1 2 26 4 78 0 18 0 0 4
1 2 26 7 9 0 76 0 12 3
1 2 43 1 0 0 97 0 0 3
1 2 43 3 88 0 8 0 0 4
1 2 43 6 77 0 9 13 0 1
1 3 15 2 96 0 0 0 0 4
1 3 15 6 91 0 7 0 0 2
1 3 15 9 46 0 48 0 0 6
1 3 21 1 0 0 95 5 0 0
1 3 21 2 100 0 0 0 0 0
1 3 21 3 80 0 6 8 0 6
1 3 36 3 0 11 72 6 5 6
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2 1 3 36 7 89 0 8 0 0 3
2 1 3 36 9 75 0 14 0 5 6
1 5 1 13 1 0 0 90 10 0 0
1 5 1 13 2 84 0 13 0 0 3
1 5 1 13 3 92 0 4 0 0 4
1 5 1 18 2 0 0 95 2 0 3
1 5 1 18 4 91 0 0 5 0 4
1 5 1 18 5 92 0 7 0 0 1
1 5 1 41 2 98 0 2 0 0 0
1 5 1 41 5 93 0 0 0 5 2
1 5 1 41 8 89 0 1 0 6 4
1 5 1 64 2 0 96 0 0 0 4
1 5 1 64 4 89 5 0 0 5 1
1 5 1 64 7 94 0 5 0 0 1
1 5 1 67 3 98 0 0 0 0 2
1 5 1 67 5 100 0 0 0 0 0
1 5 1 67 7 79 0 7 0 0 14
1 5 1 69 2 89 0 8 0 0 3
1 5 1 69 4 84 0 12 0 0 4
1 5 1 69 8 85 0 13 0 0 2
1 5 1 70 2 91 0 7 0 0 2
1 5 1 70 5 97 0 0 0 0 3
1 5 1 70 11 96 0 0 0 0 4
1 5 1 805 2 97 0 0 0 0 3
1 5 1 805 5 76 0 8 0 0 16
1 5 1 805 8 84 0 5 0 8 3
1 5 1 809 1 4 89 5 0 0 2
1 5 1 809 3 0 78 17 0 0 5
1 5 1 809 5 81 0 7 0 0 12
1 5 1 810 1 86 5 5 0 0 4
1 5 1 810 3 95 0 4 0 0 1
1 5 1 810 5 83 0 9 0 0 8
1 8 1 3 3 15 0 79 0 0 6
1 8 1 3 6 0 100 0 0 0 0
1 8 1 3 9 89 0 9 0 0 2
1 8 1 4 1 0 0 99 0 0 1
1 8 1 4 2 0 0 100 0 0 0
1 8 1 4 3 94 0 3 0 0 3
1 8 1 15 3 32 0 57 5 0 6
1 8 1 15 5 92 0 8 0 0 0
1 8 1 15 7 87 0 8 0 0 5
1 8 1 20 3 81 0 10 5 0 4
1 8 1 20 6 96 0 0 0 0 4
1 8 1 20 11 71 0 25 0 0 4
1 8 2 5 1 0 100 0 0 0 0
1 8 2 5 2 2 79 18 0 0 1
1 8 2 5 3 80 0 16 0 0 4
1 8 2 7 1 98 0 0 0 0 2
8
8
8
8
8
8
8
8
8
8
8
8
8
W
it
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
2 7 3 99 0 0 0 0 1
2 15 2 17 0 80 0 0 3
2 15 6 86 0 8 0 0 6
2 15 9 66 0 32 0 0 2
3 25 2 100 0 0 0 0 0
3 25 5 98 0 0 0 0 2
3 25 9 100 0 0 0 0 0
3 27 2 0 0 97 0 0 3
3 27 7 92 0 6 0 0 2
3 27 12 0 96 0 0 0 4
3 33 3 77 0 19 0 0 4
3 33 6 85 0 12 0 0 3
3 33 8 92 0 8 0 0 0
TreeF Nest Cell Eucs Lepto Legume Acacia Banksia Unknown
1 102 1 98 0 0 0 0 2
1 102 4 99 0 0 0 0 1
1 102 5 11 70 15 0 0 4
1 202 1 68 17 9 0 0 6
1 202 3 63 18 9 0 0 10
1 202 5 98 0 0 0 0 2
1 300 1 69 10 11 0 0 10
1 300 3 16 16 65 0 0 3
1 300 5 8 13 69 0 0 10
1 305 1 82 0 7 4 0 7
1 305 3 1 0 99 0 0 0
1 305 4 15 0 83 0 0 2
1 306 2 100 0 0 0 0 0
1 306 5 96 0 0 0 0 4
1 306 11 0 98 0 0 0 2
1 405 1 70 14 5 6 0 5
1 405 3 67 11 8 5 0 9
1 405 4 97 0 0 0 0 3
1 407 2 100 0 0 0 0 0
1 407 4 99 0 0 0 0 1
1 407 5 88 0 9 0 0 3
1 408 1 87 0 6 3 0 4
1 408 2 4 0 95 0 0 1
1 408 3 12 0 88 0 0 0
1 413 1 68 15 9 0 0 8
1 413 6 13 10 74 0 0 3
1 413 10 0 0 96 0 0 4
1 414 1 79 0 5 13 0 3
1 414 5 100 0 0 0 0 0
1 414 6 97 0 0 0 0 3
1 1 1 100 0 0 0 0 0
1 1 3 97 0 0 0 0 3
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1 4 1 1 1 100 0 0 0 0 0
1 4 1 1 3 97 0 0 0 0 3
1 4 1 1 7 98 0 0 0 0 2
1 4 1 101 1 99 0 0 0 0 1
1 4 1 101 3 85 5 0 9 0 1
1 4 1 101 5 75 6 0 6 0 13
1 4 1 104 2 93 5 0 0 0 2
1 4 1 104 6 99 0 0 0 0 1
1 4 1 104 10 83 12 0 0 0 5
1 4 2 102 2 88 0 9 0 0 3
1 4 2 102 3 100 0 0 0 0 0
1 4 2 102 6 89 0 8 0 0 3
1 4 2 105 1 82 0 17 0 0 1
1 4 2 105 4 0 0 100 0 0 0
1 4 2 105 6 70 0 9 5 0 16
1 4 2 106 1 85 0 13 0 0 2
1 4 2 106 5 89 0 9 0 0 2
1 4 2 106 12 96 0 0 0 0 4
1 4 2 107 1 96 0 0 0 0 4
1 4 2 107 4 71 0 12 12 0 5
1 4 2 107 6 89 0 8 0 0 3
1 4 3 200 1 97 0 0 0 0 3
1 4 3 200 5 90 0 7 0 0 3
1 4 3 200 12 96 0 0 0 0 4
1 4 3 206 2 81 18 0 0 0 1
1 4 3 206 3 17 77 0 0 0 6
1 4 3 206 5 87 8 0 5 0 0
1 4 3 208 1 87 4 0 6 0 3
1 4 3 208 3 80 12 0 5 0 3
1 4 3 208 5 86 10 0 0 0 4
1 2 1 2 1 98 0 0 0 0 2
1 2 1 2 3 87 10 0 0 0 3
1 2 1 2 5 20 8 64 0 0 8
1 2 1 3 1 16 13 67 0 0 4
1 2 1 3 4 24 7 65 0 0 4
1 2 1 3 5 16 11 68 0 0 5
1 2 1 101 2 90 5 0 5 0 0
1 2 1 101 5 27 5 51 10 0 7
1 2 1 101 11 33 5 60 0 0 2
1 2 2 102 1 90 6 0 0 0 4
1 2 2 102 3 96 0 0 0 0 4
1 2 2 102 5 0 0 99 0 0 1
1 2 2 103 1 14 14 65 0 0 7
1 2 2 103 2 0 0 98 0 0 2
1 2 2 103 3 21 12 62 0 0 5
1 2 2 207 2 99 0 0 0 0 1
1 2 2 207 4 32 11 53 0 0 4
1 2 2 207 5 0 0 97 0 0 3
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2 2 208 3 96 0 0 0 0 4
2 2 208 6 100 0 0 0 0 0
2 2 208 9 20 8 62 0 0 10
2 3 201 2 13 5 64 12 0 6
2 3 201 3 19 5 68 6 0 2
2 3 201 6 17 5 69 6 0 3
2 3 205 2 100 0 0 0 0 0
2 3 205 3 28 14 41 0 0 17
2 3 205 5 31 7 57 0 0 5
2 3 206 1 83 14 0 0 0 3
2 3 206 3 28 14 53 0 0 5
2 3 206 4 0 0 98 0 0 2
6 1 103 1 98 0 0 0 0 2
6 1 103 3 46 43 4 0 0 7
6 1 103 4 98 0 0 0 0 2
6 1 201 2 95 0 3 0 0 2
6 1 201 3 98 0 0 0 0 2
6 1 201 4 97 0 0 0 0 3
6 1 202 1 82 0 5 10 0 3
6 1 202 2 92 0 8 0 0 0
6 1 202 4 90 0 6 0 0 4
6 2 1 1 84 0 10 3 0 3
6 2 1 3 83 0 9 6 0 2
6 2 1 5 97 0 3 0 0 0
6 2 202 1 38 34 24 0 0 4
6 2 202 2 46 35 13 0 0 6
6 2 202 4 43 33 18 0 0 6
6 2 204 2 96 0 0 0 0 4
6 2 204 4 44 49 3 0 0 4
6 2 204 5 97 0 0 0 0 3
6 3 101 3 93 0 5 0 0 2
6 3 101 6 90 0 7 0 0 3
6 3 101 13 98 0 0 0 0 2
6 3 104 1 75 0 6 13 0 6
6 3 104 2 82 0 13 0 0 5
6 3 104 3 81 0 7 0 0 12
6 3 106 1 97 0 0 0 0 3
6 3 106 3 96 0 0 0 0 4
6 3 106 4 96 0 1 0 0 3
6 3 113 2 38 33 9 12 0 8
6 3 113 5 40 32 10 15 0 3
6 3 113 8 44 38 13 0 0 5
7 1 100 4 79 0 16 0 0 5
7 1 100 10 91 0 6 0 0 3
7 1 100 14 87 0 9 0 0 4
7 1 104 1 98 0 0 0 0 2
7 1 104 3 97 0 0 0 0 3
7 1 104 5 94 0 5 0 0 1
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1 204 1 96 0 0 0 0 4
1 204 5 97 0 0 0 0 3
1 204 10 37 54 5 0 0 4
2 100 3 90 0 8 0 0 2
2 100 7 89 0 9 0 0 2
2 100 12 0 96 0 0 0 4
2 101 1 84 0 15 0 0 1
2 101 3 89 0 7 0 0 4
2 101 4 87 0 0 0 0 13
2 104 1 87 0 9 0 0 4
2 104 2 86 0 8 0 0 6
2 104 3 37 46 7 0 0 10
2 111 1 71 0 11 11 0 7
2 111 2 84 0 5 10 0 1
2 111 5 85 0 14 0 0 1
3 2 3 80 0 5 12 0 3
3 2 9 85 0 8 0 0 7
3 2 13 96 0 0 0 0 4
3 202 1 100 0 0 0 0 0
3 202 6 90 0 10 0 0 0
3 202 12 89 0 7 0 0 4
3 205 1 76 14 5 0 0 5
3 205 3 79 12 5 0 0 4
3 205 5 74 12 11 0 0 3
1 205 2 91 0 7 0 0 2
1 205 11 85 0 4 0 0 11
1 205 15 84 0 5 0 8 3
1 209 4 90 0 7 0 0 3
1 209 7 95 0 4 0 0 1
1 209 15 84 0 10 0 0 6
1 210 6 83 0 12 0 0 5
1 210 12 89 5 0 0 5 1
1 210 15 91 0 5 0 0 4
1 211 1 96 0 0 0 0 4
1 211 3 96 0 0 0 0 4
1 211 6 84 0 10 0 0 6
2 202 3 97 0 0 0 0 3
2 202 7 97 0 0 0 0 3
2 202 13 87 0 0 13 0 0
2 203 1 98 0 0 0 0 2
2 203 2 96 0 0 0 0 4
2 203 3 87 0 0 10 0 3
2 204 3 89 5 0 5 0 1
2 204 5 85 0 0 0 15 0
2 204 6 82 0 0 0 7 11
3 2 1 95 0 0 0 2 3
3 2 5 98 0 0 0 0 2
3 2 11 91 0 1 0 6 2
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1 3 100 1 90 0 0 0 8 2
1 3 100 3 89 0 7 0 0 4
1 3 100 4 0 0 99 0 0 1
1 3 101 1 91 0 5 0 0 4
1 3 101 3 81 8 9 0 0 2
1 3 101 5 95 0 0 0 5 0
5 1 1 4 88 0 9 0 0 3
5 1 1 6 89 0 7 0 0 4
5 1 1 11 48 0 51 0 0 1
5 1 2 2 98 0 0 0 0 2
5 1 2 3 98 0 0 0 0 2
5 1 2 6 79 0 6 8 0 7
5 1 4 3 50 9 17 12 3 9
5 1 4 7 97 0 2 0 0 1
5 1 4 10 85 0 0 0 12 3
5 1 100 1 87 0 5 0 5 3
5 1 100 2 83 0 15 0 0 2
5 1 100 4 99 0 0 0 0 1
5 1 101 1 98 0 0 0 0 2
5 1 101 2 97 0 0 0 0 3
5 1 101 6 56 0 41 0 0 3
5 1 102 1 89 0 5 5 0 1
5 1 102 4 98 0 0 0 0 2
5 1 102 12 77 0 6 13 0 4
5 1 104 1 96 0 0 0 0 4
5 1 104 4 88 0 11 0 0 1
5 1 104 5 99 0 0 0 0 1
5 1 108 1 66 12 8 5 5 4
5 1 108 4 88 0 8 0 0 4
5 1 108 7 74 0 17 0 5 4
5 1 111 2 90 0 5 0 5 0
5 1 111 4 82 0 15 0 0 3
5 1 111 11 89 0 8 0 0 3
5 1 217 3 98 0 0 0 0 2
5 1 217 5 99 0 0 0 0 1
5 1 217 10 100 0 0 0 0 0
8 1 101 1 96 0 0 0 0 4
8 1 101 8 91 0 8 0 0 1
8 1 101 15 0 99 0 0 0 1
8 1 102 1 0 96 0 0 0 4
8 1 102 3 72 0 10 5 0 13
8 1 102 4 78 0 22 0 0 0
8 1 103 1 96 0 0 0 0 4
8 1 103 4 89 0 8 0 0 3
8 1 103 7 88 0 10 0 0 2
8 1 104 1 100 0 0 0 0 0
8 1 104 7 97 0 0 0 0 3
8 1 104 7 0 100 0 0 0 0
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
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1 106 1 92 0 6 0 0 2
1 106 7 98 0 0 0 0 2
1 106 10 91 0 9 0 0 0
2 2 2 96 0 0 0 0 4
2 2 6 96 0 0 0 0 4
2 2 9 63 0 33 0 0 4
2 200 1 2 79 15 0 0 4
2 200 2 81 0 9 5 0 5
2 200 3 83 0 15 0 0 2
2 201 2 15 0 79 0 0 6
2 201 7 87 0 10 0 0 3
2 201 10 100 0 0 0 0 0
3 200 1 98 0 0 0 0 2
3 200 7 94 0 6 0 0 0
3 200 12 70 0 26 0 0 4
3 205 1 88 0 8 0 0 4
3 205 2 95 0 3 0 0 2
3 205 3 88 0 0 0 0 12
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APPENDIX I
Pollen use data on honey bees collected from the floral resource competition 
experiment undertaken in the Black Range and Toolangi State Forests in 1992-93 
and 1993-94, showing percentage breakdown of different floral groups used by 
year, collection date (Year one: 1: 15-Nov; 2: 30-Nov; and 3: 22-Dec. Year two: 1: 
13-Nov; 2: 27-Nov; and 3: 21-Dec), site, hive number (Hive), and sample (forager 
number, or in the case of hive #6 in year two, sub-sample number from pollen trap 
sample). Eucs: Eucalyptus spp.; Lepto: Leptospermum spp.; Legume: Fabaceae spp.; 
Acacia: Acacia spp.; Hypo: Hypochoeris radicata; and Banksia: Banksia marginata.
YEAR ONE
Time Site Hive Sample Eucs Lepto Lego Acacia Hypo Banksia Unknown
1 2 1 1 0 0 3 96 0 0 1
1 2 1 2 0 0 85 11 0 0 4
1 2 1 3 0 0 0 100 0 0 0
1 2 1 4 0 0 97 0 0 0 3
1 2 2 1 0 0 96 0 0 0 4
1 2 2 2 0 0 87 11 0 0 2
1 2 2 3 0 0 84 5 0 0 11
1 2 2 4 0 0 100 0 0 0 0
1 2 3 1 0 0 95 0 0 0 5
1 2 3 2 0 0 0 78 0 0 22
1 2 3 3 0 0 0 75 0 0 25
1 2 3 4 0 0 0 95 0 0 5
1 2 4 1 0 0 0 97 0 0 3
1 2 4 2 0 0 71 19 0 0 10
1 2 4 3 0 0 75 15 0 0 10
1 2 4 4 0 0 0 96 0 0 4
1 2 5 1 0 0 0 96 0 0 4
1 2 5 2 0 0 15 80 0 0 5
1 2 5 3 0 0 0 99 0 0 1
1 2 5 4 0 0 0 99 0 0 1
1 2 6 1 0 0 0 96 0 0 4
1 2 6 2 0 0 64 17 0 0 19
1 2 6 3 0 0 72 24 0 0 4
1 2 6 4 0 0 91 0 0 0 9
2 2 1 1 0 0 0 0 100 0 0
2 2 1 2 0 81 0 12 0 0 7
2 2 1 3 0 0 0 0 99 0 1
2 2 1 4 0 0 0 98 0 0 2
2 2 2 1 0 75 0 17 0 0 8
2 2 2 2 0 0 0 0 97 0 3
2 2 2 3 0 0 0 0 99 0 1
2 2 2 4 0 0 5 13 75 0 7
2 2 3 1 0 0 0 0 95 0 5
2 2 3 2 0 0 0 95 0 0 5
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2 2 3 3 3 74 4 0 0 0 19
2 2 3 4 0 0 0 0 84 0 16
2 2 4 1 0 0 0 0 94 0 6
2 2 4 2 0 0 0 27 69 0 4
2 2 4 3 0 0 0 0 93 0 7
2 2 4 4 0 0 0 100 0 0 0
2 2 5 1 0 21 0 0 76 0 3
2 2 5 2 0 0 0 0 100 0 0
2 2 5 3 4 0 0 15 72 0 9
2 2 5 4 0 0 0 0 87 0 13
2 2 6 1 0 0 0 0 96 0 4
2 2 6 2 0 0 0 0 97 0 3
2 2 6 3 0 0 0 19 75 0 6
2 2 6 4 0 25 0 0 68 0 7
3 2 1 1 0 0 0 0 96 0 4
3 2 1 2 0 0 0 98 0 0 2
3 2 1 3 0 0 0 0 99 0 1
3 2 1 4 98 0 0 0 0 0 2
3 2 2 1 0 0 0 97 0 0 3
3 2 2 2 0 0 0 0 95 0 5
3 2 2 3 0 0 0 0 84 0 16
3 2 2 4 59 0 7 20 0 0 14
3 2 3 1 0 0 0 95 0 0 5
3 2 3 2 0 0 0 0 96 0 4
3 2 3 3 0 0 0 0 96 0 4
3 2 3 4 0 0 0 97 0 0 3
3 2 4 1 0 0 0 0 80 0 20
3 2 4 2 0 0 96 0 0 0 4
3 2 4 3 0 0 93 0 0 0 7
3 2 4 4 0 0 0 0 100 0 0
3 2 5 1 0 0 0 0 100 0 0
3 2 5 2 96 0 0 0 0 0 4
3 2 5 3 0 0 10 81 0 0 9
3 2 5 4 0 0 0 0 97 0 3
3 2 6 1 8 0 8 0 77 0 7
3 2 6 2 99 0 0 0 0 0 1
3 2 6 9 0 0 0 98 0 0 2
3 2 6 10 0 0 0 0 86 0 14
1 4 1 1 0 0 0 94 0 0 6
1 4 1 2 0 0 65 19 0 0 16
1 4 1 3 0 0 0 86 0 0 14
1 4 1 4 0 0 85 0 0 0 15
1 4 2 1 0 0 57 23 0 0 20
1 4 2 2 0 0 86 0 0 0 14
1 4 2 3 0 0 97 0 0 0 3
1 4 2 4 0 0 81 13 0 0 6
1 4 3 1 0 0 94 0 0 0 6
1 4 3 2 0 0 70 23 0 0 7
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4 3 3 0 0 0 98 0 0 2
4 3 4 0 0 97 0 0 0 3
4 4 1 0 0 95 0 0 0 5
4 4 2 0 0 17 76 0 0 7
4 4 3 0 0 0 90 0 0 10
4 4 4 0 0 0 96 0 0 4
4 5 1 0 0 0 91 0 0 9
4 5 2 0 0 29 65 0 0 6
4 5 3 0 0 0 100 0 0 0
4 5 4 0 0 95 0 0 0 5
4 6 1 0 0 97 0 0 0 3
4 6 2 0 0 0 97 0 0 3
4 6 9 0 0 0 0 100 0 0
4 6 10 0 0 0 95 0 0 5
4 1 1 97 0 0 0 0 0 3
4 1 2 0 0 0 0 95 0 5
4 1 3 0 0 0 0 97 0 3
4 1 4 0 0 0 0 96 0 4
4 2 1 0 0 0 0 95 0 5
4 2 2 0 84 0 13 0 0 3
4 2 3 0 0 0 0 95 0 5
4 2 4 0 0 0 0 96 0 4
4 3 1 0 0 0 100 0 0 0
4 3 2 100 0 0 0 0 0 0
4 3 3 0 0 0 98 0 0 2
4 3 4 0 81 0 0 0 0 19
4 4 1 71 0 5 24 0 0 0
4 4 2 0 0 0 0 94 0 6
4 4 3 0 0 0 0 96 0 4
4 4 4 0 0 0 0 100 0 0
4 5 1 0 0 0 0 95 0 5
4 5 2 0 0 4 0 92 0 4
4 5 3 0 0 0 0 96 0 4
4 5 4 0 0 0 99 0 0 1
4 6 1 0 0 7 77 0 0 16
4 6 8 0 0 0 0 97 0 3
4 6 9 0 0 77 0 21 0 2
4 6 10 0 0 0 0 98 0 2
4 1 1 82 0 16 0 0 0 2
4 1 2 0 0 0 0 94 0 6
4 1 3 89 0 7 0 2 0 2
4 1 4 0 0 0 95 0 0 5
4 2 1 0 0 0 0 99 0 1
4 2 2 10 67 0 0 9 0 14
4 2 3 3 59 35 0 0 0 3
4 2 4 97 0 0 0 0 0 3
4 3 1 74 0 14 0 3 0 9
4 3 2 89 0 0 0 0 0 11
4
4
4
4
4
4
4
4
4
4
4
4
4
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
5
5
5
6
7
4
13
1
4
2
2
0
6
14
4
6
11
5
12
5
21
2
5
10
3
3
10
6
2
2
6
0
6
16
6
10
20
4
4
1
6
11
4
2
5
4
3
1
3 3 95 0 0 0 0 0
3 4 0 0 0 0 95 0
4 1 95 0 0 0 0 0
4 2 0 0 0 94 0 0
4 3 0 14 0 79 0 0
4 4 0 96 0 0 0 0
5 1 17 70 0 0 0 0
5 2 99 0 0 0 0 0
5 3 96 0 0 0 0 0
5 4 98 0 0 0 0 0
6 1 98 0 0 0 0 0
6 2 0 0 0 0 100 0
6 3 94 0 0 0 0 0
6 10 86 0 0 0 0 0
1 1 0 0 0 96 0 0
1 2 0 0 0 94 0 0
1 3 0 0 0 89 0 0
1 4 0 0 0 95 0 0
2 1 0 0 14 74 0 0
2 2 0 0 17 78 0 0
2 3 60 0 0 19 0 0
2 4 0 0 0 98 0 0
3 1 0 0 0 95 0 0
3 2 63 0 27 0 0 0
3 3 0 0 0 97 0 0
3 4 0 0 0 97 0 0
4 1 71 0 0 19 0 0
4 2 0 0 19 75 0 0
4 3 0 0 78 20 0 0
4 4 0 0 0 98 0 0
5 1 0 0 94 0 0 0
5 2 100 0 0 0 0 0
5 3 94 0 0 0 0 0
5 4 0 0 84 0 0 0
6 1 0 0 0 94 0 0
6 2 0 0 0 90 0 0
6 9 0 0 0 80 0 0
6 10 96 0 0 0 0 0
1 1 0 0 0 96 0 0
1 2 0 0 0 99 0 0
1 3 0 0 0 94 0 0
1 4 0 0 0 89 0 0
2 1 0 0 0 96 0 0
2 2 0 0 0 98 0 0
2 3 0 0 0 0 95 0
2 4 0 0 0 0 96 0
3 1 0 0 18 79 0 0
3 2 0 0 0 99 0 0
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
1
1
1
1
1
1
1
1
1
1
1 3 3 0 0 8 87 0 0 5
1 3 4 0 0 0 96 0 0 4
1 4 1 0 0 8 82 0 0 10
1 4 2 0 0 0 91 0 0 9
1 4 3 0 0 0 0 99 0 1
1 4 4 0 0 0 0 96 0 4
1 5 1 0 88 0 0 0 0 12
1 5 2 0 0 0 0 84 0 16
1 5 3 0 0 0 90 0 0 10
1 5 4 0 0 0 0 98 0 2
1 6 1 0 0 0 0 99 0 1
1 6 2 0 0 0 95 0 0 5
1 6 9 0 0 0 88 0 0 12
1 6 10 0 0 0 98 0 0 2
1 1 1 0 0 0 0 96 0 4
1 1 2 0 0 0 96 0 0 4
1 1 3 95 0 0 0 0 0 5
1 1 4 96 0 0 0 0 0 4
1 2 1 98 0 0 0 0 0 2
1 2 2 0 0 0 0 98 0 2
1 2 3 0 0 0 96 0 0 4
1 2 4 98 0 0 0 0 0 2
1 3 1 99 0 0 0 0 0 1
1 3 2 85 0 0 0 0 0 15
1 3 3 0 14 0 0 74 0 12
1 3 4 0 0 0 99 0 0 1
1 4 1 0 21 0 0 0 64 15
1 4 2 87 0 0 0 0 0 13
1 4 3 94 0 0 0 0 0 6
1 4 4 23 0 0 0 77 0 0
1 5 1 0 0 0 98 0 0 2
1 5 2 0 0 0 0 0 97 3
1 5 3 94 0 0 0 0 0 6
1 5 4 95 0 0 0 0 0 5
1 6 1 0 0 0 0 94 0 6
1 6 8 0 0 0 0 0 88 12
1 6 9 39 0 0 0 48 6 7
1 6 10 85 0 0 0 0 10 5
3 1 1 0 100 0 0 0 0 0
3 1 2 0 0 94 0 0 0 6
3 1 3 94 0 0 0 0 0 6
3 1 4 0 0 93 0 0 0 7
3 2 1 0 0 0 89 0 0 11
3 2 2 89 5 0 0 0 0 6
3 2 3 0 0 0 95 0 0 5
3 2 4 98 0 0 0 0 0 2
3 3 1 0 0 0 100 0 0 0
3 3 2 95 0 0 0 0 0 5
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1 3 3 3 89 0 0 0 0 0 11
1 3 3 4 76 0 0 0 0 0 24
1 3 4 1 90 0 0 0 0 0 10
1 3 4 2 84 0 0 0 0 0 16
1 3 4 3 78 0 0 0 0 0 22
1 3 4 4 71 9 0 0 0 0 20
1 3 5 1 77 0 0 0 0 0 23
1 3 5 2 76 8 0 0 0 0 16
1 3 5 3 86 0 0 0 0 0 14
1 3 5 4 80 0 0 0 0 0 20
1 3 6 1 97 0 0 0 0 0 3
1 3 6 8 99 0 0 0 0 0 1
1 3 6 9 53 0 0 42 0 0 5
1 3 6 10 79 0 0 0 0 0 21
2 3 1 1 9 0 0 0 86 0 5
2 3 1 2 0 10 0 8 80 0 2
2 3 1 3 97 0 0 0 0 0 3
2 3 1 4 93 0 0 0 0 0 7
2 3 2 1 94 0 0 0 0 0 6
2 3 2 2 0 0 0 99 0 0 1
2 3 2 3 0 0 0 0 99 0 1
2 3 2 4 0 0 0 0 81 0 19
2 3 3 1 98 0 0 0 0 0 2
2 3 3 2 98 0 0 0 0 0 2
2 3 3 3 0 0 97 0 0 0 3
2 3 3 4 0 0 96 0 0 0 4
2 3 4 1 0 0 0 93 0 0 7
2 3 4 2 0 0 0 0 100 0 0
2 3 4 3 0 0 0 0 100 0 0
2 3 4 4 0 10 0 9 72 0 9
2 3 5 1 98 0 0 0 0 0 2
2 3 5 2 100 0 0 0 0 0 0
2 3 5 3 99 0 0 0 0 0 1
2 3 5 4 97 0 0 0 0 0 3
2 3 6 1 0 9 0 89 0 0 2
2 3 6 2 0 0 0 35 60 0 5
2 3 6 9 0 0 0 97 0 0 3
2 3 6 10 0 0 0 77 17 0 6
3 3 1 1 96 0 0 0 0 0 4
3 3 1 2 28 0 0 19 47 0 6
3 3 1 3 0 0 100 0 0 0 0
3 3 1 4 93 0 0 0 0 0 7
3 3 2 1 88 7 0 0 0 0 5
3 3 2 2 0 0 0 0 79 0 21
3 3 2 3 99 0 0 0 0 0 1
3 3 2 4 23 6 5 57 0 0 9
3 3 3 1 0 0 94 0 0 0 6
3 3 3 2 89 0 0 0 0 0 11
3
3
3
3
3
3
3
3
3
3
3
3
3
3
W
lit
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
3 3 88 4 0 0 0 0 8
3 4 22 0 70 0 0 0 8
4 1 0 0 93 0 0 0 7
4 2 76 0 0 15 0 0 9
4 3 0 0 93 0 0 0 7
4 4 0 0 0 0 94 0 6
5 1 100 0 0 0 0 0 0
5 2 96 0 0 0 0 0 4
5 3 0 3 0 0 97 0 0
5 4 88 0 0 0 0 0 12
6 7 96 0 0 0 0 0 4
6 8 95 0 0 0 0 0 5
6 9 0 0 0 0 99 0 1
6 10 0 0 96 0 0 0 4
Hive Sample Eucs Lepto Lego Acacia Hypo Banksia Unknown
1 1 94 0 0 0 0 0 6
1 2 93 0 0 0 0 0 7
1 3 95 0 0 0 0 0 5
1 4 94 0 0 0 0 0 6
2 1 95 0 0 0 0 0 5
2 2 84 0 12 0 0 0 4
2 3 96 0 0 0 0 0 4
2 4 95 0 0 0 0 0 5
3 1 99 0 0 0 0 0 1
3 2 79 0 18 0 0 0 3
3 3 75 0 21 0 0 0 4
3 4 94 0 0 0 0 0 6
4 1 85 0 0 0 0 0 15
4 2 93 0 0 0 0 0 7
4 3 0 0 0 96 0 0 4
4 4 0 0 0 94 0 0 6
5 1 0 0 0 95 0 0 5
5 2 84 0 0 0 0 0 16
5 3 0 0 0 100 0 0 0
5 4 0 0 0 97 0 0 3
6 1 98 0 0 0 0 0 2
6 2 75 0 14 0 0 0 11
6 3 99 0 0 0 0 0 1
6 4 97 0 0 0 0 0 3
6 5 95 0 0 0 0 0 5
6 6 99 0 0 0 0 0 1
6 7 92 0 0 0 0 0 8
6 8 99 0 0 0 0 0 1
6 9 97 0 0 0 0 0 3
6 10 75 0 16 0 0 0 9
1 1 0 0 0 97 0 0 3
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
5
6
6
5
31
8
2
7
0
1
2
1
3
5
1
4
8
2
4
9
1
4
7
4
6
10
4
5
4
6
6
9
24
11
4
8
3
4
6
10
15
2
3
17
4
13
2
8
1 2 0 0 0 95 0 0
1 3 74 0 20 0 0 0
1 4 94 0 0 0 0 0
2 1 0 0 0 0 95 0
2 2 0 0 0 0 69 0
2 3 0 9 0 0 83 0
2 4 97 0 1 0 0 0
3 1 22 0 0 0 71 0
3 2 0 0 0 0 100 0
3 3 0 0 0 0 99 0
3 4 18 0 5 0 75 0
4 1 0 0 0 0 99 0
4 2 89 0 8 0 0 0
4 3 0 0 0 0 95 0
4 4 15 0 0 0 84 0
5 1 0 0 0 0 96 0
5 2 22 0 0 0 70 0
5 3 0 14 0 0 84 0
5 4 96 0 0 0 0 0
6 1 0 17 0 0 74 0
6 2 0 0 0 0 99 0
6 3 23 0 0 0 73 0
6 4 0 0 19 0 74 0
6 5 0 0 0 0 96 0
6 6 35 0 0 0 59 0
6 7 90 0 0 0 0 0
6 8 0 96 0 0 0 0
6 9 27 0 0 0 68 0
6 10 19 0 0 0 77 0
1 1 13 0 0 0 81 0
1 2 0 0 0 0 94 0
1 3 0 0 0 13 78 0
1 4 0 29 0 0 47 0
2 1 9 0 8 0 72 0
2 2 5 0 6 85 0 0
2 3 0 0 0 0 92 0
2 4 97 0 0 0 0 0
3 1 0 0 0 96 0 0
3 2 0 0 0 0 94 0
3 3 0 0 0 0 90 0
3 4 66 0 0 19 0 0
4 1 0 0 98 0 0 0
4 2 0 0 0 0 97 0
4 3 0 0 0 0 83 0
4 4 6 0 1 89 0 0
5 1 7 0 3 0 77 0
5 2 98 0 0 0 0 0
5 3 0 0 92 0 0 0
3
3
3
3
3
3
3
3
3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
6 5 4 0 0 0 0 95 0 5
6 6 1 0 0 0 0 99 0 1
6 6 2 97 0 0 0 0 0 3
6 6 3 0 0 94 0 0 0 6
6 6 4 0 0 0 0 96 0 4
6 6 5 5 0 0 0 95 0 0
6 6 6 20 0 73 0 0 0 7
6 6 7 0 0 0 0 90 0 10
6 6 8 70 0 30 0 0 0 0
6 6 9 0 0 0 79 20 0 1
6 6 10 0 0 6 0 93 0 1
7 1 1 96 0 0 0 0 0 4
7 1 2 98 0 0 0 0 0 2
7 1 3 99 0 0 0 0 0 1
7 1 4 71 0 18 0 0 0 11
7 2 1 96 0 0 0 0 0 4
7 2 2 87 0 8 0 0 0 5
7 2 3 85 0 7 0 0 0 8
7 2 4 100 0 0 0 0 0 0
7 3 1 94 0 0 0 0 0 6
7 3 2 97 0 0 0 0 0 3
7 3 3 95 0 0 0 0 0 5
7 3 4 96 0 0 0 0 0 4
7 4 1 96 0 0 0 0 0 4
7 4 2 95 0 0 0 0 0 5
7 4 3 87 0 9 0 0 0 4
7 4 4 98 0 0 0 0 0 2
7 5 1 99 0 0 0 0 0 1
7 5 2 96 0 0 0 0 0 4
7 5 3 0 0 0 96 0 0 4
7 5 4 0 0 0 98 0 0 2
7 6 1 0 0 0 90 0 0 10
7 6 2 98 0 0 0 0 0 2
7 6 3 0 0 16 78 0 0 6
7 6 4 97 0 0 0 0 0 3
7 6 5 88 0 0 0 0 0 12
7 6 6 72 0 21 0 0 0 7
7 6 7 97 0 0 0 0 0 3
7 6 8 88 0 9 0 0 0 3
7 6 9 53 0 39 0 0 0 8
7 6 10 96 0 0 0 0 0 4
7 1 1 9 0 11 69 8 0 3
7 1 2 0 0 0 0 98 0 2
7 1 3 98 0 0 0 0 0 2
7 1 4 13 0 6 0 72 0 9
7 2 1 0 0 0 0 94 0 6
7 2 2 99 0 0 0 0 0 1
7 2 3 87 0 13 0 0 0 0
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2 7 2 4 0 0 0 0 96 0 4
2 7 3 1 94 0 0 0 0 0 6
2 7 3 2 16 0 0 0 80 0 4
2 7 3 3 0 0 0 0 95 0 5
2 7 3 4 98 0 0 0 0 0 2
2 7 4 1 85 0 0 0 7 0 8
2 7 4 2 0 0 0 0 98 0 2
2 7 4 3 0 0 0 96 0 0 4
2 7 4 4 0 0 0 0 72 0 28
2 7 5 1 0 0 0 0 94 0 6
2 7 5 2 93 0 0 0 5 0 2
2 7 5 3 0 0 0 15 83 0 2
2 7 5 4 0 0 0 0 98 0 2
2 7 6 1 88 0 9 0 0 0 3
2 7 6 2 98 0 0 0 0 0 2
2 7 6 3 0 0 4 2 91 0 3
2 7 6 4 6 0 8 0 80 0 6
2 7 6 5 14 0 9 36 33 0 8
2 7 6 6 5 0 12 79 0 0 4
2 7 6 7 71 0 7 0 15 0 7
2 7 6 8 25 0 10 30 33 0 2
2 7 6 9 86 0 9 0 0 0 5
2 7 6 10 0 0 7 73 14 0 6
3 7 1 1 95 0 4 0 0 0 1
3 7 1 2 25 47 0 17 0 0 11
3 7 1 3 0 0 0 0 98 0 2
3 7 1 4 74 0 7 13 0 0 6
3 7 2 1 94 0 0 0 0 0 6
3 7 2 2 0 0 0 0 99 0 1
3 7 2 3 95 0 0 0 0 0 5
3 7 2 4 20 0 0 72 0 0 8
3 7 3 1 0 0 0 0 99 0 1
3 7 3 2 94 0 0 0 0 0 6
3 7 3 3 83 0 0 0 0 0 17
3 7 3 4 21 48 9 8 0 0 14
3 7 4 1 0 0 5 0 90 0 5
3 7 4 2 75 0 0 18 0 0 7
3 7 4 3 96 0 0 0 0 0 4
3 7 4 4 0 0 0 0 94 0 6
3 7 5 1 96 0 0 0 0 0 4
3 7 5 2 27 0 0 64 0 0 9
3 7 5 3 0 0 0 0 96 0 4
3 7 5 4 100 0 0 0 0 0 0
3 7 6 1 92 0 3 0 0 0 5
3 7 6 2 21 55 11 0 0 0 13
3 7 6 3 0 0 0 0 95 0 5
3 7 6 4 79 0 11 4 0 0 6
3 7 6 5 89 0 9 0 0 0 2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
7 6 6 5 0 9 0 82 0 4
7 6 7 . 66 0 22 0 0 0 12
7 6 8 0 0 0 96 0 0 4
7 6 9 0 0 0 0 94 0 6
7 6 10 89 0 2 9 0 0 0
5 1 1 99 0 0 0 0 0 1
5 1 2 99 0 0 0 0 0 1
5 1 3 87 0 0 0 0 0 13
5 1 4 98 0 0 0 0 0 2
5 2 1 77 0 19 0 0 0 4
5 2 2 79 0 0 15 0 0 6
5 2 3 96 0 0 0 0 0 4
5 2 4 97 0 0 0 0 0 3
5 3 1 100 0 0 0 0 0 0
5 3 2 64 0 32 0 0 0 4
5 3 3 0 0 0 84 0 0 16
5 3 4 0 0 0 96 0 0 4
5 4 1 0 0 0 96 0 0 4
5 4 2 0 0 0 95 0 0 5
5 4 3 74 0 16 0 0 0 10
5 4 4 95 0 0 0 0 0 5
5 5 1 63 0 0 28 0 0 9
5 5 2 52 0 40 0 0 0 8
5 5 3 89 0 0 0 0 0 11
5 5 4 72 0 18 0 0 0 10
5 6 1 99 0 0 0 0 0 1
5 6 2 96 0 0 0 0 0 4
5 6 3 97 0 0 0 0 0 3
5 6 4 88 0 7 0 0 0 5
5 6 5 85 0 9 0 0 0 6
5 6 6 94 0 0 0 0 0 6
5 6 7 40 0 43 0 0 0 17
5 6 8 85 0 0 0 0 0 15
5 6 9 86 0 8 0 0 0 6
5 6 10 96 0 0 0 0 0 4
5 1 1 99 0 0 0 0 0 1
5 1 2 98 0 0 0 0 0 2
5 1 3 99 0 0 0 0 0 1
5 1 4 99 0 0 0 0 0 1
5 2 1 95 0 0 0 0 0 5
5 2 2 97 0 0 0 0 0 3
5 2 3 0 0 0 0 100 0 0
5 2 4 0 0 0 0 99 0 1
5 3 1 82 0 16 0 0 0 2
5 3 2 99 0 0 0 0 0 1
5 3 3 92 0 0 8 0 0 0
5 3 4 88 0 0 0 0 0 12
5 4 1 90 0 0 0 0 0 10
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2 5 4 2 97 0 0 0 0 0 3
2 5 4 3 0 0 0 0 98 0 2
2 5 4 4 0 0 0 0 94 0 6
2 5 5 1 0 0 0 100 0 0 0
2 5 5 2 97 0 0 0 0 0 3
2 5 5 3 0 0 87 9 0 0 4
2 5 5 4 86 0 0 0 0 0 14
2 5 6 1 67 0 0 0 22 0 11
2 5 6 2 0 0 0 0 98 0 2
2 5 6 3 45 0 0 0 51 0 4
2 5 6 4 79 0 15 0 0 0 6
2 5 6 5 0 0 93 4 0 0 3
2 5 6 6 77 0 16 0 0 0 7
2 5 6 7 0 0 14 0 79 0 7
2 5 6 8 0 0 0 0 96 0 4
2 5 6 9 0 0 0 0 98 0 2
2 5 6 10 0 0 0 0 97 0 3
3 5 1 1 0 0 11 20 62 1 6
3 5 1 2 0 0 6 90 0 0 4
3 5 1 3 12 65 4 0 0 0 19
3 5 1 4 100 0 0 0 0 0 0
3 5 2 1 96 0 0 0 0 0 4
3 5 2 2 0 0 0 0 95 0 5
3 5 2 3 94 0 0 0 0 0 6
3 5 2 4 98 0 0 0 0 0 2
3 5 3 1 13 0 0 0 0 82 5
3 5 3 2 88 0 0 0 0 0 12
3 5 3 3 0 0 0 0 0 98 2
3 5 3 4 74 0 0 0 0 0 26
3 5 4 1 8 0 0 0 0 84 8
3 5 4 2 94 0 0 0 0 6 0
3 5 4 3 99 o- 0 0 0 0 1
3 5 4 4 18 0 0 0 0 75 7
3 5 5 1 0 0 97 0 0 0 3
3 5 5 2 0 77 0 0 0 10 13
3 5 5 3 88 0 7 0 0 0 5
3 5 5 4 100 0 0 0 0 0 0
3 5 6 1 0 0 4 7 0 88 1
3 5 6 2 0 0 97 0 0 0 3
3 5 6 3 12 75 5 0 0 0 8
3 5 6 4 85 0 7 0 0 0 S
3 5 6 5 92 0 6 0 0 0 2
3 5 6 6 11 0 0 0 84 0 5
3 5 6 7 0 0 0 97 0 0 3
3 5 6 8 10 46 10 13 0 10 11
3 5 6 9 94 0 0 0 0 6 0
3 5 6 10 100 0 0 0 0 0 0
1 8 1 1 99 0 0 0 0 0 X
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8 1 2 89 0 6 0 0 0 5
8 1 3 100 0 0 0 0 0 0
8 1 4 95 0 0 0 0 0 5
8 2 1 72 0 20 0 0 0 8
8 2 2 98 0 0 0 0 0 2
8 2 3 96 0 0 0 0 0 4
8 2 4 83 0 16 0 0 0 1
8 3 1 96 0 0 0 0 0 4
8 3 2 69 0 25 0 0 0 6
8 3 3 96 0 0 0 0 0 4
8 3 4 94 0 0 0 0 0 6
8 4 1 98 0 0 0 0 0 2
8 4 2 0 0 0 84 0 0 16
8 4 3 0 0 0 96 0 0 4
8 4 4 0 0 0 90 0 0 10
8 5 1 91 0 8 0 0 0 1
8 5 2 70 0 21 0 0 0 9
8 5 3 100 0 0 0 0 0 0
8 5 4 99 0 0 0 0 0 1
8 6 1 91 0 9 0 0 0 0
8 6 2 94 0 0 0 0 0 6
8 6 3 64 0 24 0 0 0 12
8 6 4 96 0 0 0 0 0 4
8 6 5 86 0 8 0 0 0 6
8 6 6 76 0 14 0 0 0 10
8 6 7 100 0 0 0 0 0 0
8 6 8 65 0 26 0 0 0 9
8 6 9 99 0 0 0 0 0 1
8 6 10 100 0 0 0 0 0 0
8 1 1 26 0 6 17 30 0 21
8 1 2 0 0 0 0 99 0 1
8 1 3 0 0 0 99 0 0 1
8 1 4 0 0 0 0 95 0 5
8 2 1 0 0 0 0 86 0 14
8 2 2 0 81 0 14 0 0 5
8 2 3 19 0 4 19 54 0 4
8 2 4 0 0 0 0 98 0 2
8 3 1 100 0 0 0 0 0 0
8 3 2 0 0 0 5 94 0 1
8 3 3 0 0 0 0 98 0 2
8 3 4 0 71 0 0 0 0 29
8 4 1 15 0 5 20 48 0 12
8 4 2 0 0 0 0 94 0 6
8 4 3 94 0 0 0 0 0 6
8 4 4 0 0 0 0 100 0 0
8 5 1 45 0 0 0 43 0 12
8 5 2 18 0 4 17 51 0 10
8 5 3 0 0 0 0 99 0 1
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2 8 5 4 99 0 0 0 0 0 1
2 8 6 1 92 0 7 0 0 0 1
2 8 6 2 0 0 2 5 87 0 6
2 8 6 3 0 0 17 0 74 0 9
2 8 6 4 23 0 7 0 63 0 7
2 8 6 5 4 0 7 0 80 0 9
2 8 6 6 24 50 0 16 0 0 10
2 8 6 7 52 0 11 25 0 0 12
2 8 6 8 0 0 17 0 82 0 1
2 8 6 9 0 92 0 2 0 0 6
2 8 6 10 9 0 0 0 91 0 0
3 8 1 1 84 0 15 0 0 0 1
3 8 1 2 0 0 0 0 97 0 3
3 8 1 3 90 0 7 0 2 0 1
3 8 1 4 100 0 0 0 0 0 0
3 8 2 1 0 0 0 96 0 0 4
3 8 2 2 0 95 0 0 0 0 5
3 8 2 3 3 46 33 0 0 0 18
3 8 2 4 100 0 0 0 0 0 0
3 8 3 1 79 0 14 0 3 0 4
3 8 3 2 95 0 0 0 0 0 5
3 8 3 3 89 0 5 0 0 0 6
3 8 3 4 9 4 0 0 86 0 1
3 8 4 1 91 0 9 0 0 0 0
3 8 4 2 0 0 95 0 0 0 5
3 8 4 3 0 14 0 82 0 0 4
3 8 4 4 7 71 0 0 10 0 12
3 8 5 1 17 64 16 0 0 0 3
3 8 5 2 98 0 0 0 0 0 2
3 8 5 3 90 0 0 0 8 0 2
3 8 5 4 100 0 0 0 0 0 0
3 8 6 1 90 0 4 0 0 0 6
3 8 6 2 9 0 9 0 75 0 7
3 8 6 3 97 0 0 0 0 0 3
3 8 6 4 99 0 0 0 0 0 1
3 8 6 5 0 0 97 0 0 0 3
3 8 6 6 9 67 15 0 0 0 9
3 8 6 7 8 52 25 0 0 0 15
3 8 6 8 94 0 0 0 0 0 6
3 8 6 9 97 0 0 0 0 0 3
3 8 6 10 85 0 9 0 0 0 6
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APPENDIX K
Weather data recorded from a Dept of Natural Resources and the Environment 
(Vic.) weather station located on the northern fringe of the Black Range Forest, 
showing daily minimum temperature, daily maximum temperature and daily 
rainfall from 15 Aug 1992 to 15-Jan 1993 (year 1) and 15 Aug 1993 to 15-Jan 1994 
(year 2).
Daily Daily
Minimum Maximum Daily
Year Date Temperature Temperature Rainfall
1 15-Aug 2 11 0
1 16-Aug 0 12 50
1 17-Aug 9 15 51
1 18-Aug 2 11 0
1 19-Aug 8 11 52
1 20-Aug 0 10 54
1 21-Aug 5 11 0
1 22-Aug 0 11 0
1 23-Aug 5 13 0
1 24-Aug 2 8 64
1 25-Aug -2 13 64
1 26-Aug -2 14 0
1 27-Aug 1 16 0
1 28-Aug 3 13 0
1 29-Aug 0 15 0
1 30-Aug 4 9 0
1 31-Aug 4 8 90
1 1-Sep 5 12 3
1 2-Sep 7 11 4
1 3-Sep 5 13 10
1 4-Sep 5 11 15
1 5-Sep 6 10 0
1 6-Sep 5 11 24
1 7-Sep 7 13 32
1 8-Sep 0 10 0
1 9-Sep 0 14 0
1 10-Sep 0 15 0
1 11-Sep 7 14 0
1 12-Sep 5 13 39
1 13-Sep 5 9 0
1 14-Sep 1 10 48
1 15-Sep 8 15 68
1 16-Sep 3 9 71
1 17-Sep 7 10 0
1 18-Sep 6 15 73
1 19-Sep 1 14 0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
20-Sep 6 16 0
21-Sep 4 16 0
22-Sep 10 13 96
23-Sep 9 11 97
24-Sep 8 16 0
25-Sep 8 14 115
26-Sep 3 16 0
27-Sep 4 16 0
28-Sep 3 16 0
29-Sep 6 16 139
30-Sep 7 11 142
1-Oct 6 16 0
2-Oct 3 17 0
3-Oct 5 20 0
4-Oct 10 21 0
5-Oct 10 14 15
6-Oct 8 15 0
7-Oct 6 17 0
8-Oct 11 19 20
9-Oct 10 15 30
10-Oct 8 11 0
11-Oct 8 14 44
12-Oct 2 16 0
13-Oct 7 22 0
14-Oct 8 23 0
15-Oct 11 25 0
16-Oct 13 25 55
17-Oct 14 23 104
18-Oct 10 17 0
19-Oct 10 15 108
20-Oct 6 17 115
21-Oct 6 13 0
22-Oct 3 19 0
23-Oct 3 21 0
24-Oct 5 21 0
25-Oct 10 23 0
26-Oct 4 20 0
27-Oct 7 22 0
28-Oct 10 24 0
29-Oct 10 27 0
30-Oct 13 27 125
31-Oct 13 18 140
1-Nov 12 22 0
2-Nov 2 16 0
3-Nov 6 17 0
4-Nov 5 16 0
5-Nov 3 17 9
6-Nov 5 21 0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
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7-Nov 5 20 0
8-Nov 8 22 0
9-Nov 15 24 0
10-Nov 7 17 12
11-Nov 7 13 27
12-Nov 7 15 31
13-Nov 7 22 0
14-Nov 5 24 0
15-Nov 11 26 0
16-Nov 9 28 0
17-Nov 14 29 0
18-Nov 16 29 44
19-Nov 15 23 0
20-Nov 13 26 59
21-Nov 6 28 0
22-Nov 9 19 83
23-No v 6 20 0
24-Nov 7 21 99
25-Nov 7 21 103
26-Nov 9 16 105
27-Nov 10 15 106
28-Nov 12 17 109
29-Nov 12 18 0
30-Nov 15 23 0
1-Dec 16 23 0
2-Dec 15 22 0
3-Dec 10 24 14
4-Dec 15 28 34
5-Dec 5 23 0
6-Dec 8 24 0
7-Dec 9 24 0
8-Dec 11 26 0
9-Dec 15 27 0
10-Dec 17 28 0
11-Dec 14 30 0
12-Dec 14 29 0
13-Dec 7 34 52
14-Dec 10 25 0
15-Dec 10 22 0
16-Dec 11 24 0
17-Dec 6 24 0
18-Dec 6 25 94
19-Dec 9 29 0
20-Dec 10 30 105
21-Dec 11 32 0
22-Dec 18 26 0
23-Dec 15 26 0
24-Dec 14 21 0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
25-Dec 8 23 0
26-Dec 13 26 0
27-Dec 9 17 0
28-Dec 10 11 0
29-Dec 12 19 0
30-Dec 12 20 0
31-Dec 11 26 0
1-Jan 10 25 0
2-Jan 12 26 0
3-Jan 10 35 0
4-Jan 10 23 0
5-Jan 16 24 0
6-Jan 14 21 0
7-Jan 15 18 0
8-Jan 12 23 0
9-Jan 7 19 0
10-Jan 7 20 0
11-Jan 9 25 0
12-Jan 12 32 0
13-Jan 20 37 0
14-Jan 14 33 0
15-Jan 4 25 0
15-Aug 7 12 0
16-A ug 8 15 87
17-Aug 2 12 88
18-A ug 8 10 89
19-Aug 8 14 0
20-Aug 4 15 0
21-Aug 7 15 90
22-Aug 3 14 0
23-Aug 2 15 0
24-Aug 1 18 0
25-Aug 2 18 0
26-Aug 2 19 0
27-Aug 2 19 0
28-Aug 2 21 0
29-Aug 2 21 0
30-Aug 1 20 0
31-Aug 12 17 116
1-Sep 12 17 19
2-Sep 8 15 47
3-Sep 6 14 49
4-Sep -1 15 0
5-Sep 0 17 0
6-Sep 0 17 0
7-Sep 5 18 49
8-Sep 11 15 0
9-Sep 7 14 75
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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2
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2
2
2
2
2
2
2
2
2
2
2
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10-Sep 3 14 91
11-Sep 8 13 0
12-Sep 6 11 0
13-Sep 5 11 109
14-Sep 9 20 124
15-Sep 10 12 150
16-Sep 7 14 150
17-Sep 7 14 0
18-Sep 4 20 0
19-Sep 6 12 0
20-Sep 6 12 173
21-Sep 4 15 175
22-Sep 8 15 176
23-Sep 6 15 0
24-Sep 7 20 0
25-Sep 2 20 0
26-Sep 1 20 0
27-Sep 4 21 0
28-Sep 5 22 0
29-Sep 11 26 0
30-Sep 13 22 0
1-Oct 15 25 11
2-Oct 5 21 46
3-Oct 8 15 0
4-Oct 9 14 101
5-Oct 2 16 0
6-Oct 5 17 0
7-Oct 5 20 0
8-Oct 8 20 0
9-Oct 4 23 0
10-Oct 5 15 105
11-Oct 2 11 0
12-Oct 1 17 0
13-Oct 2 18 0
14-Oct 3 20 0
15-Oct 4 22 0
16-Oct 10 24 0
17-Oct 5 20 0
18-Oct 10 25 111
19-Oct 9 16 121
20-Oct 6 16 127
21-Oct 7 15 131
22-Oct 2 17 0
23-Oct 5 20 138
24-Oct 9 22 0
25-Oct 5 17 142
26-Oct 8 18 145
27-Oct 4 14 0
2
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2
2
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28-Oct 8 23 0
29-Oct 7 24 153
30-Oct 3 18 0
31-Oct 3 23 0
1-Nov 10 19 0
2-Nov 11 20 24
3-Nov 4 13 0
4-Nov 7 15 36
5-Nov 6 10 46
6-Nov 7 15 0
7-Nov 9 20 0
8-Nov 3 20 47
9-Nov 7 13 51
10-Nov 3 20 0
11-Nov 7 23 0
12-Nov 10 25 0
13-Nov 16 25 0
14-Nov 11 26 0
15-Nov 7 23 0
16-Nov 10 26 0
17-Nov 12 30 0
18-Nov 16 32 75
19-Nov 15 29 88
20-Nov 15 21 0
21-Nov 16 22 0
22-No v 11 23 0
23-No v 11 19 0
24-Nov 12 22 0
25-Nov 12 23 0
26-Nov 3 26 0
27-Nov 10 30 0
28-Nov 8 31 0
29-Nov 5 27 0
30-Nov 4 29 0
1-Dec 11 30 0
2-Dec 15 35 0
3-Dec 15 27 0
4-Dec 15 25 0
5-Dec 13 21 0
6-Dec 11 25 0
7-Dec 10 28 0
8-Dec 8 30 0
9-Dec 11 33 0
10-Dec 12 35 0
11-Dec 15 32 0
12-Dec 17 32 0
13-Dec 12 30 12
14-Dec 10 30 0
2
2
2
2
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2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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2
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15-Dec 14 22 0
16-Dec 10 23 0
17-Dec 13 26 0
18-Dec 15 26 0
19-Dec 18 23 0
20-Dec 17 21 0
21-Dec 14 30 0
22-Dec 17 25 0
23-Dec 17 29 0
24-Dec 18 27 0
25-Dec 19 24 0
26-Dec 9 23 0
27-Dec 8 23 58
28-Dec 11 20 0
29-Dec 14 25 0
30-Dec 12 30 0
31-Dec 13 33 0
1-Jan 14 35 0
2-Jan 14 37 0
3-Jan 18 24 0
4-Jan 7 25 8
5-Jan 8 25 0
6-Jan 11 24 11
7-Jan 8 19 0
8-Jan 14 25 0
9-Jan 11 25 21
10-Jan 13 26 0
11-Jan 7 26 0
12-Jan 11 30 0
13-Jan 9 30 0
14-Jan 11 33 0
15-Jan 13 36 0
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APPENDIX M
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Demographic performance data on A. morosus collected from the floral resource 
competition experiment undertaken in the Black Range and Toolangi State Forests 
in 1992-93 and 1993-94, showing for each cell within each nest: honey bee 
treatment (FIB, 1: control site- no honey bee hives, 2: experimental site- honey bee 
hives added), site number, treefem number (Treef), nest type (Ntype, 1: newly- 
founded, 2: reused), cell number (0: no cells, 1: bottom end of nest), cell type 
(Ctype, 1: male pupa, 2: female pupa, 3: larva, 4: dead brood parasitised by 
Gasteruption sp., 5: brood cell was present but had failed for unknown reasons, 6: 
no brood cells were present in the nest, and occasionally either predatory ants or 
crickets had been collected from such nests), weight of pupa (Wgt in mg, 999: 
missing), number of adult females in nest, body sizes (wing length in mm) of adult 
females (Size 1 if nest has one adult female, or Size 1 and Size 2 if nest has two 
adult females, or 333 if adult(s) missing), and nest length (NL).
YEAR ONE
HB Site Treef Nest Ntype Cell Ctype Wgt NAF Sizel Size2 NL
1 5 1 1 2 0 5 999 0 333 333 35
1 5 1 2 1 1 4 999 1 8.4 333 205
1 5 1 2 1 2 5 999 1 8.4 333 205
1 5 1 3 1 0 5 999 0 333 333 245
1 5 1 7 2 0 5 999 0 333 333 210
1 5 1 9 2 0 5 999 0 333 333 70
1 5 1 10 1 0 5 999 0 333 333 120
1 5 1 11 2 0 5 999 0 333 333 265
1 5 1 12 2 0 5 999 0 333 333 225
1 5 1 13 1 1 3 999 1 7.9 333 215
1 5 1 13 1 2 3 999 1 7.9 333 215
1 5 1 13 1 3 5 999 1 7.9 333 215
1 5 1 14 1 0 5 999 0 333 333 85
1 5 1 15 2 0 5 999 0 333 333 210
1 5 1 16 1 0 5 999 0 333 333 140
1 5 1 18 2 1 2 80 2 7.7 9 250
1 5 1 18 2 2 2 72 2 7.7 9 250
1 5 1 18 2 3 1 63 2 7.7 9 250
1 5 1 18 2 4 1 61 2 7.7 9 250
1 5 1 18 2 5 3 999 2 7.7 9 250
1 5 1 18 2 6 3 999 2 7.7 9 250
1 5 1 19 2 0 6 999 0 333 333 190
1 5 1 29 1 0 5 999 0 333 333 150
1 5 1 30 2 0 5 999 0 333 333 85
1 5 1 31 1 1 5 999 1 8.8 333 270
1 5 1 32 2 1 5 999 1 8.6 333 213
1 5 1 33 2 0 5 999 0 333 333 123
1 5 1 39 1 0 5 999 0 333 333 145
1 5 1 40 2 1 5 999 0 333 333 195
1 5 1 40 2 2 5 999 0 333 333 195
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1 5 1 41 2 1 4 999 2 8.3 8.2 250
1 5 1 41 2 2 4 999 2 8.3 8.2 250
1 5 1 41 2 3 4 999 2 8.3 8.2 250
1 5 1 41 2 4 1 78 2 8.3 8.2 250
1 5 1 41 2 5 1 71 2 8.3 8.2 250
1 5 1 41 2 6 1 66 2 8.3 8.2 250
1 5 1 41 2 7 1 67 2 8.3 8.2 250
1 5 1 41 2 8 1 50 2 8.3 8.2 250
1 5 1 41 2 9 1 65 2 8.3 8.2 250
1 5 1 44 2 0 5 999 0 333 333 250
1 5 1 56 2 0 5 999 0 333 333 150
1 5 1 60 2 0 5 999 0 333 333 130
1 5 1 62 2 0 5 999 0 333 333 85
1 5 1 64 2 1 2 93 1 8.6 333 250
1 5 1 64 2 2 2 91 1 8.6 333 250
1 5 1 64 2 3 1 66 1 8.6 333 250
1 5 1 64 2 4 1 84 1 8.6 333 250
1 5 1 64 2 5 1 85 1 8.6 333 250
1 5 1 64 2 6 1 79 1 8.6 333 250
1 5 1 64 2 7 1 68 1 8.6 333 250
1 5 1 65 2 1 5 999 0 333 333 220
1 5 1 66 2 1 2 93 2 8.5 7.8 240
1 5 1 66 2 2 5 999 2 8.5 7.8 240
1 5 1 66 2 3 1 80 2 8.5 7.8 240
1 5 1 66 2 4 5 999 2 8.5 7.8 240
1 5 1 66 2 5 1 75 2 8.5 7.8 240
1 5 1 67 2 1 2 108 1 7.3 333 305
1 5 1 67 2 2 2 92 1 7.3 333 305
1 5 1 67 2 3 2 91 1 7.3 333 305
1 5 1 67 2 4 1 51 1 7.3 333 305
1 5 1 67 2 5 1 74 1 7.3 333 305
1 5 1 67 2 6 1 55 1 7.3 333 305
1 5 1 67 2 7 1 61 1 7.3 333 305
1 5 1 67 2 8 3 999 1 7.3 333 305
1 5 1 68 2 0 5 999 0 333 333 160
1 5 1 69 2 1 2 80 1 8.3 333 220
1 5 1 69 2 2 2 70 1 8.3 333 220
1 5 1 69 2 3 1 47 1 8.3 333 220
1 5 1 69 2 4 1 60 1 8.3 333 220
1 5 1 69 2 5 1 55 1 8.3 333 220
1 5 1 69 2 6 1 47 1 8.3 333 220
1 5 1 69 2 7 1 49 1 8.3 333 220
1 5 1 69 2 8 1 48 1 8.3 333 220
1 5 1 69 2 9 1 62 1 8.3 333 220
1 5 1 70 2 1 2 106 2 8.5 7.9 290
1 5 1 70 2 2 2 95 2 8.5 7.9 290
1 5 1 70 2 3 2 93 2 8.5 7.9 290
1 5 1 70 2 4 1 82 2 8.5 7.9 290
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
5 1 70 2 5 1 70 2 8.5 7.9 290
5 1 70 2 6 1 72 2 8.5 7.9 290
5 1 70 2 7 1 88 2 8.5 7.9 290
5 1 70 2 8 1 85 2 8.5 7.9 290
5 1 70 2 9 1 80 2 8.5 7.9 290
5 1 70 2 10 1 42 2 8.5 7.9 290
5 1 70 2 11 1 44 2 8.5 7.9 290
5 1 75 2 0 5 999 0 333 333 230
5 1 76 1 0 5 999 1 8.3 333 175
5 1 79 2 0 5 999 1 8.1 333 140
5 1 80 2 1 2 72 1 8.4 333 280
5 1 81 2 0 5 999 0 333 333 150
5 1 82 1 1 2 105 0 333 333 185
5 1 83 2 0 5 999 0 333 333 340
5 1 84 2 0 5 999 0 333 333 290
5 1 85 1 1 5 999 1 8.3 333 215
5 1 87 2 0 5 999 0 333 333 230
5 1 88 2 0 5 999 0 333 333 315
5 1 89 2 0 5 999 0 333 333 165
5 1 92 1 1 3 999 1 8.2 333 178
5 1 92 1 2 3 999 1 8.2 333 178
5 1 95 2 0 5 999 0 333 333 208
5 1 101 2 1 2 86 1 8.6 333 240
5 1 102 2 0 5 999 0 333 333 210
5 1 103 1 0 5 999 0 333 333 230
5 1 107 2 0 5 999 1 8.1 333 295
5 1 800 1 0 5 999 1 8 333 110
5 1 803 2 0 5 999 0 333 333 150
5 1 805 2 1 2 73 2 7.8 7.4 180
5 1 805 2 2 2 55 2 7.8 7.4 180
5 1 805 2 3 1 89 2 7.8 7.4 180
5 1 805 2 4 1 74 2 7.8 7.4 180
5 1 805 2 5 1 54 2 7.8 7.4 180
5 1 805 2 6 1 61 2 7.8 7.4 180
5 1 805 2 7 1 64 2 7.8 7.4 180
5 1 805 2 8 1 55 2 7.8 7.4 180
5 1 806 2 1 4 999 0 333 333 230
5 1 807 1 1 2 92 1 8.5 333 140
5 1 807 1 2 3 999 1 8.5 333 140
5 1 808 2 0 5 999 1 8.8 333 265
5 1 809 2 1 2 74 1 8.4 333 215
5 1 809 2 2 2 56 1 8.4 333 215
5 1 809 2 3 1 56 1 8.4 333 215
5 1 809 2 4 1 64 1 8.4 333 215
5 1 809 2 5 1 59 1 8.4 333 215
5 1 810 2 1 2 59 2 8.6 8.5 150
5 1 810 2 2 2 61 2 8.6 8.5 150
5 1 810 2 3 1 77 2 8.6 8.5 150
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
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1 810 2 4 3 999 2 8.6 8.5 150
1 810 2 5 3 999 2 8.6 8.5 150
1 812 1 0 5 999 1 7.9 333 125
1 818 2 0 6 999 0 333 333 245
1 819 2 1 2 80 1 7.3 333 155
1 819 2 2 2 72 1 7.3 333 155
1 822 1 0 5 999 1 8.2 333 130
1 823 2 0 5 999 0 333 333 220
1 824 2 0 5 999 0 333 333 165
1 825 1 1 2 92 1 8.2 333 165
1 826 2 1 5 999 0 333 333 140
1 827 2 1 5 999 2 8.3 7.6 310
1 827 2 2 2 92 2 8.3 7.6 310
1 827 2 3 1 84 2 8.3 7.6 310
1 827 2 4 1 81 2 8.3 7.6 310
1 827 2 5 1 66 2 8.3 7.6 310
1 827 2 6 1 52 2 8.3 7.6 310
1 827 2 7 3 999 2 8.3 7.6 310
1 828 2 1 2 90 2 7.5 8.1 285
1 828 2 2 2 91 2 7.5 8.1 285
1 828 2 3 2 93 2 7.5 8.1 285
1 828 2 4 1 94 2 7.5 8.1 285
1 828 2 5 1 61 2 7.5 8.1 285
1 828 2 6 1 39 2 7.5 8.1 285
1 828 2 7 1 71 2 7.5 8.1 285
1 828 2 8 1 90 2 7.5 8.1 285
1 828 2 9 5 999 2 7.5 8.1 285
1 828 2 10 1 91 2 7.5 8.1 285
1 828 2 11 1 73 2 7.5 8.1 285
1 828 2 12 1 62 2 7.5 8.1 285
1 828 2 13 1 63 2 7.5 8.1 285
1 828 2 14 1 57 2 7.5 8.1 285
1 829 2 0 5 999 0 333 333 245
1 830 2 0 5 999 0 333 333 125
1 831 2 1 2 102 2 8.9 8.6 245
1 831 2 2 1 96 2 8.9 8.6 245
1 831 2 3 1 78 2 8.9 8.6 245
1 831 2 4 1 85 2 8.9 8.6 245
1 831 2 5 1 70 2 8.9 8.6 245
1 831 2 6 1 64 2 8.9 8.6 245
1 831 2 7 1 69 2 8.9 8.6 245
1 1 1 1 2 67 0 333 333 140
1 1 1 2 3 999 0 333 333 140
1 3 1 0 6 999 0 333 333 290
1 4 2 0 5 999 0 333 333 225
1 5 1 1 3 999 0 333 333 220
1 5 1 2 3 999 0 333 333 220
1 5 1 3 3 999 0 333 333 220
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
6 1 6 2 1 3 999 1 8.2 333 265
6 1 6 2 2 3 999 1 8.2 333 265
6 1 6 2 3 3 999 1 8.2 333 265
6 1 7 2 1 2 91 2 8 9.3 295
6 1 7 2 2 2 79 2 8 9.3 295
6 1 7 2 3 5 999 2 8 9.3 295
6 1 7 2 4 1 74 2 8 9.3 295
6 1 7 2 5 3 999 2 8 9.3 295
6 1 9 1 1 2 74 1 8.5 333 180
6 1 9 1 2 2 82 1 8.5 333 180
6 1 9 1 3 2 51 1 8.5 333 180
6 1 9 1 4 5 999 1 8.5 333 180
6 1 10 1 1 2 53 1 7.7 333 135
6 1 10 1 2 2 65 1 7.7 333 135
6 1 11 1 0 5 999 0 333 333 165
6 1 12 2 0 5 999 0 333 333 250
6 1 13 1 0 5 999 0 333 333 75
6 1 14 1 0 6 999 0 333 333 50
6 1 15 1 0 5 999 0 333 333 70
6 1 20 2 1 5 999 1 8.2 333 315
6 1 20 2 2 2 81 1 8.2 333 315
6 1 20 2 3 5 999 1 8.2 333 315
6 1 21 2 1 2 80 1 8.5 333 228
6 1 21 2 2 2 73 1 8.5 333 228
6 1 21 2 3 3 999 1 8.5 333 228
6 1 24 2 1 2 88 1 8.3 333 270
6 1 24 2 2 5 999 1 8.3 333 270
6 1 24 2 3 5 999 1 8.3 333 270
6 1 24 2 4 5 999 1 8.3 333 270
6 1 25 2 0 5 999 1 5.5 333 265
6 1 26 2 1 2 65 1 8 333 250
6 1 26 2 2 2 81 1 8 333 250
6 1 26 2 3 1 98 1 8 333 250
6 1 26 2 4 1 64 1 8 333 250
6 1 26 2 5 1 86 1 8 333 250
6 1 26 2 6 1 69 1 8 333 250
6 1 26 2 7 1 65 1 8 333 250
6 1 26 2 8 1 82 1 8 333 250
6 1 26 2 9 1 75 1 8 333 250
6 1 26 2 10 1 69 1 8 333 250
6 1 26 2 11 3 999 1 8 333 250
6 1 27 1 0 5 999 0 333 333 190
6 1 28 1 0 5 999 0 333 333 60
6 1 601 2 0 5 999 0 333 333 125
6 1 602 2 1 4 999 0 333 333 175
6 1 602 2 2 4 999 0 333 333 175
6 1 602 2 3 4 999 0 333 333 175
6 1 605 2 1 4 999 0 333 333 280
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1 6 1 605 2 2 4 999 0 333 333 280
1 6 1 605 2 3 5 999 0 333 333 280
1 6 1 605 2 4 5 999 0 333 333 280
1 6 1 605 2 5 1 53 0 333 333 280
1 6 1 605 2 6 1 54 0 333 333 280
1 6 1 606 2 1 4 999 0 333 333 105
1 6 1 606 2 2 5 999 0 333 333 105
1 6 1 607 2 0 5 999 0 333 333 90
1 6 1 608 2 0 5 999 0 333 333 150
1 6 2 1 2 1 5 999 0 333 333 293
1 6 2 1 2 2 5 999 0 333 333 293
1 6 2 4 2 1 3 999 1 8.1 333 265
1 6 2 4 2 2 5 999 1 8.1 333 265
1 6 2 4 2 3 2 78 1 8.1 333 265
1 6 2 4 2 4 2 76 1 8.1 333 265
1 6 2 5 2 0 5 999 0 333 333 193
1 6 2 6 2 0 5 999 0 333 333 244
1 6 2 8 2 1 4 999 1 8.5 333 324
1 6 2 8 2 2 5 999 1 8.5 333 324
1 6 2 8 2 3 5 999 1 8.5 333 324
1 6 2 8 2 4 2 63 1 8.5 333 324
1 6 2 8 2 5 5 999 1 8.5 333 324
1 6 2 8 2 6 1 60 1 8.5 333 324
1 6 2 10 2 1 2 61 1 8 333 180
1 6 2 10 2 2 2 78 1 8 333 180
1 6 2 10 2 3 3 999 1 8 333 180
1 6 2 14 2 1 2 80 2 8.3 8.8 275
1 6 2 14 2 2 2 72 2 8.3 8.8 275
1 6 2 14 2 3 2 84 2 8.3 8.8 275
1 6 2 14 2 4 2 75 2 8.3 8.8 275
1 6 2 14 2 5 1 63 2 8.3 8.8 275
1 6 2 14 2 6 1 64 2 8.3 8.8 275
1 6 2 14 2 7 1 80 2 8.3 8.8 275
1 6 2 14 2 8 1 77 2 8.3 8.8 275
1 6 2 14 2 9 1 74 2 8.3 8.8 275
1 6 2 14 2 10 1 81 2 8.3 8.8 275
1 6 2 14 2 11 1 59 2 8.3 8.8 275
1 6 2 15 2 1 2 75 2 8.4 8 275
1 6 2 15 2 2 2 77 2 8.4 8 275
1 6 2 15 2 3 2 72 2 8.4 8 275
1 6 2 15 2 4 1 83 2 8.4 8 275
1 6 2 15 2 5 1 79 2 8.4 8 275
1 6 2 15 2 6 1 74 2 8.4 8 275
1 6 2 15 2 7 1 62 2 8.4 8 275
1 6 2 15 2 8 1 56 2 8.4 8 275
1 6 2 15 2 9 1 49 2 8.4 8 275
1 6 2 15 2 10 1 45 2 8.4 8 275
1 6 2 15 2 11 1 51 2 8.4 8 275
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
6 2 17 2 1 2 78 0 333 333 134
6 2 19 1 0 5 999 1 7.4 333 160
6 2 20 2 1 2 62 1 8.2 333 210
6 2 20 2 2 2 80 1 8.2 333 210
6 2 20 2 3 2 82 1 8.2 333 210
6 2 20 2 4 5 999 1 8.2 333 210
6 2 23 2 1 2 65 1 8.3 333 330
6 2 23 2 2 5 999 1 8.3 333 330
6 2 23 2 3 1 80 1 8.3 333 330
6 2 23 2 4 1 81 1 8.3 333 330
6 2 23 2 5 1 75 1 8.3 333 330
6 2 23 2 6 1 62 1 8.3 333 330
6 2 23 2 7 1 55 1 8.3 333 330
6 2 23 2 8 1 52 1 8.3 333 330
6 2 23 2 9 1 71 1 8.3 333 330
6 2 23 2 10 1 53 1 8.3 333 330
6 2 23 2 11 1 63 1 8.3 333 330
6 2 23 2 12 1 73 1 8.3 333 330
6 2 25 2 1 4 999 1 8.5 333 330
6 2 25 2 2 1 63 1 8.5 333 330
6 2 25 2 3 1 88 1 8.5 333 330
6 2 25 2 4 1 82 1 8.5 333 330
6 2 25 2 5 1 75 1 8.5 333 330
6 2 25 2 6 1 58 1 8.5 333 330
6 2 25 2 7 1 73 1 8.5 333 330
6 2 500 2 1 2 74 1 8.2 333 280
6 2 500 2 2 2 76 1 8.2 333 280
6 2 500 2 3 2 70 1 8.2 333 280
6 2 500 2 4 1 53 1 8.2 333 280
6 2 500 2 5 1 50 1 8.2 333 280
6 2 500 2 6 1 58 1 8.2 333 280
6 2 500 2 7 1 58 1 8.2 333 280
6 2 500 2 8 1 55 1 8.2 333 280
6 2 501 1 1 4 999 1 8.2 333 180
6 2 501 1 2 5 999 1 8.2 333 180
6 2 501 1 3 5 999 1 8.2 333 180
6 2 501 1 4 2 65 1 8.2 333 180
6 2 502 2 0 6 999 1 7.9 333 280
6 2 507 2 0 5 999 0 333 333 190
6 2 508 2 1 4 999 2 8.3 8.8 290
6 2 508 2 2 5 999 2 8.3 8.8 290
6 2 508 2 3 1 105 2 8.3 8.8 290
6 2 508 2 4 1 109 2 8.3 8.8 290
6 2 508 2 5 1 80 2 8.3 8.8 290
6 2 508 2 6 1 74 2 8.3 8.8 290
6 2 509 1 1 4 999 1 8.4 333 275
6 2 509 1 2 5 999 1 8.4 333 275
6 2 509 1 3 2 74 1 8.4 333 275
367
1 6 2 509 1 4 2 89 1 8.4 333 275
1 6 2 509 1 5 1 78 1 8.4 333 275
1 6 2 515 2 0 6 999 0 333 333 215
1 6 3 259 2 1 5 999 1 8.3 333 210
1 6 3 259 2 2 1 59 1 8.3 333 210
1 6 3 259 2 3 1 75 1 8.3 333 210
1 6 3 501 1 1 4 999 1 8.6 333 280
1 6 3 501 1 2 2 69 1 8.6 333 280
1 6 3 502 2 1 4 999 0 333 333 160
1 6 3 503 1 1 2 74 1 8.3 333 205
1 6 3 503 1 2 2 66 1 8.3 333 205
1 6 3 503 1 3 2 73 1 8.3 333 205
1 6 3 503 1 4 2 69 1 8.3 333 205
1 6 3 504 1 1 2 70 1 9.2 333 235
1 6 3 504 1 2 2 84 1 9.2 333 235
1 6 3 504 1 3 2 74 1 9.2 333 235
1 6 3 504 1 4 2 89 1 9.2 333 235
1 6 3 506 1 1 5 999 1 8.7 333 235
1 6 3 506 1 2 5 999 1 8.7 333 235
1 6 3 506 1 3 5 999 1 8.7 333 235
1 6 3 510 1 0 5 999 0 333 333 450
1 6 3 511 2 0 5 999 0 333 333 228
1 6 3 512 2 1 4 999 0 333 333 155
1 6 3 513 1 0 5 999 0 333 333 210
1 6 3 515 2 1 4 999 1 7.8 333 220
1 6 3 515 2 2 5 999 1 7.8 333 220
1 6 3 515 2 3 1 67 1 7.8 333 220
1 6 3 518 2 0 6 999 0 333 333 190
1 6 3 519 2 0 6 999 0 333 333 195
1 6 3 520 2 1 4 999 0 333 333 260
1 6 3 520 2 2 4 999 0 333 333 260
1 6 3 520 2 3 4 999 0 333 333 260
1 6 3 520 2 4 4 999 0 333 333 260
1 6 3 520 2 5 4 999 0 333 333 260
1 6 3 522 2 1 2 90 2 8.7 8.4 260
1 6 3 522 2 2 2 80 2 8.7 8.4 260
1 6 3 522 2 3 2 65 2 8.7 8.4 260
1 6 3 522 2 4 2 71 2 8.7 8.4 260
1 6 3 522 2 5 2 64 2 8.7 8.4 260
1 6 3 523 2 1 4 999 2 8.5 8.6 270
1 6 3 523 2 2 1 52 2 8.5 8.6 270
1 6 3 523 2 3 1 64 2 8.5 8.6 270
1 6 3 523 2 4 1 68 2 8.5 8.6 270
1 6 3 523 2 5 1 75 2 8.5 8.6 270
1 6 3 523 2 6 1 61 2 8.5 8.6 270
1 6 3 523 2 7 1 70 2 8.5 8.6 270
1 6 3 523 2 8 1 71 2 8.5 8.6 270
1 6 3 524 2 1 5 999 1 8.3 333 280
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
6 3 524 2 2 2 64 1 8.3 333 280
6 3 525 1 1 2 83 1 8.3 333 175
6 3 525 1 2 2 88 1 8.3 333 175
6 3 525 1 3 3 999 1 8.3 333 175
6 3 526 2 0 5 999 0 333 333 190
6 3 527 2 1 2 50 1 8 333 175
6 3 527 2 2 2 75 1 8 333 175
6 3 527 2 3 2 77 1 8 333 175
6 3 529 2 1 4 999 0 333 333 210
6 3 529 2 2 1 59 0 333 333 210
6 3 529 2 3 1 75 0 333 333 210
6 3 531 2 0 5 999 0 333 333 245
7 1 1 2 1 3 999 1 7.5 333 130
7 1 4 2 0 5 999 0 333 333 140
7 1 7 2 1 2 104 2 8.2 8.1 320
7 1 7 2 2 2 110 2 8.2 8.1 320
7 1 7 2 3 2 88 2 8.2 8.1 320
7 1 7 2 4 2 69 2 8.2 8.1 320
7 1 7 2 5 1 92 2 8.2 8.1 320
7 1 7 2 6 1 58 2 8.2 8.1 320
7 1 11 2 0 5 999 0 333 333 35
7 1 13 2 0 5 999 0 333 333 310
7 1 15 2 1 4 999 0 333 333 210
7 1 15 2 2 5 999 0 333 333 210
7 1 17 1 0 5 999 0 333 333 160
7 1 22 2 1 2 70 0 333 333 290
7 1 22 2 2 2 78 0 333 333 290
7 1 22 2 3 2 55 0 333 333 290
7 1 22 2 4 5 999 0 333 333 290
7 1 23 2 0 5 999 1 8.1 333 130
7 1 26 2 1 2 80 0 333 333 290
7 1 26 2 2 2 90 0 333 333 290
7 1 26 2 3 1 65 0 333 333 290
7 1 29 2 1 4 999 2 7.7 8.4 260
7 1 29 2 2 1 68 2 7.7 8.4 260
7 1 29 2 3 1 79 2 7.7 8.4 260
7 1 29 2 4 1 61 2 7.7 8.4 260
7 1 29 2 5 1 66 2 7.7 8.4 260
7 1 29 2 6 1 48 2 7.7 8.4 260
7 1 29 2 7 1 53 2 7.7 8.4 260
7 1 31 1 1 2 68 0 333 333 230
7 1 31 1 2 2 55 0 333 333 230
7 1 33 1 0 5 999 1 8.3 333 325
7 1 36 2 1 4 999 1 7.9 333 218
7 1 36 2 2 4 999 1 7.9 333 218
7 1 36 2 3 4 999 1 7.9 333 218
7 1 36 2 4 1 58 1 7.9 333 218
7 1 37 2 1 4 999 0 333 333 156
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
369
1 38 2 0 5 999 0 333 333 187
1 39 2 1 2 70 1 7.8 8 270
1 39 2 2 1 59 1 7.8 8 270
1 39 2 3 1 54 1 7.8 8 270
1 39 2 4 1 63 1 7.8 8 270
1 39 2 5 1 43 1 7.8 8 270
1 39 2 6 1 35 1 7.8 8 270
1 40 2 0 5 999 0 333 333 204
1 41 2 1 2 96 1 8 333 272
1 41 2 2 1 72 1 8 333 272
1 41 2 3 1 103 1 8 333 272
1 41 2 4 1 80 1 8 333 272
1 41 2 5 1 87 1 8 333 272
1 41 2 6 1 57 1 8 333 272
1 41 2 7 1 87 1 8 333 272
1 41 2 8 1 48 1 8 333 272
1 41 2 9 1 52 1 8 333 272
1 41 2 10 1 76 1 8 333 272
1 44 2 1 4 999 0 333 333 229
1 45 2 0 5 999 1 8.2 333 220
1 50 2 0 5 999 0 333 333 345
1 51 2 0 5 999 0 333 333 320
2 1 2 1 4 999 1 8.3 333 215
2 3 2 0 5 999 0 333 333 246
2 4 1 0 5 999 0 333 333 241
2 5 1 1 2 60 0 333 333 310
2 8 2 0 6 999 0 333 333 240
2 14 2 1 2 95 2 7.9 7.6 210
2 14 2 2 2 77 2 7.9 7.6 210
2 14 2 3 1 75 2 7.9 7.6 210
2 14 2 4 1 69 2 7.9 7.6 210
2 14 2 5 1 77 2 7.9 7.6 210
2 14 2 6 1 60 2 7.9 7.6 210
2 14 2 7 1 40 2 7.9 7.6 210
2 14 2 8 1 50 2 7.9 7.6 210
2 14 2 9 1 50 2 7.9 7.6 210
2 15 2 0 5 999 0 333 333 275
2 17 1 1 5 999 0 333 333 285
2 19 1 1 2 91 0 333 333 159
2 19 1 2 2 69 0 333 333 159
2 20 2 0 5 999 0 333 333 202
2 23 1 1 2 55 1 8.1 333 117
2 26 2 1 5 999 0 333 333 167
2 28 2 0 5 999 0 333 333 255
2 29 2 1 2 92 1 8 333 233
2 29 2 2 2 101 1 8 333 233
2 29 2 3 1 105 1 8 333 233
2 29 2 4 1 75 1 8 333 233
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
7 2 29 2 5 1 48 1 8 333 233
7 3 5 2 0 5 999 0 333 333 270
7 3 6 2 0 5 999 0 333 333 125
7 3 7 1 1 5 999 0 333 333 200
7 3 7 1 2 5 999 0 333 333 200
7 3 7 1 3 5 999 0 333 333 200
7 3 9 2 1 2 79 1 8 333 240
7 3 9 2 2 2 72 1 8 333 240
7 3 9 2 3 1 63 1 8 333 240
7 3 9 2 4 1 69 1 8 333 240
7 3 13 2 1 2 102 1 8.3 333 228
7 3 13 2 2 2 96 1 8.3 333 228
7 3 14 2 0 5 999 0 333 333 310
7 3 15 2 1 2 79 0 333 333 210
7 3 15 2 2 2 92 0 333 333 210
7 3 15 2 3 1 80 0 333 333 210
7 3 15 2 4 1 84 0 333 333 210
7 3 15 2 5 1 71 0 333 333 210
7 3 15 2 6 1 69 0 333 333 210
7 3 15 2 7 1 78 0 333 333 210
7 3 17 2 0 5 999 0 333 333 280
7 3 18 2 0 5 999 1 333 333 285
7 3 19 2 1 5 999 1 7.8 333 245
7 3 20 2 0 5 999 0 333 333 225
7 3 21 2 1 2 74 0 333 333 330
7 3 21 2 2 2 88 0 333 333 330
7 3 21 2 3 3 999 0 333 333 330
7 3 21 2 4 5 999 0 333 333 330
7 3 21 2 5 5 999 0 333 333 330
7 3 24 2 0 5 999 0 333 333 180
7 3 25 2 0 5 999 0 333 333 24
7 3 26 2 0 5 999 0 333 333 190
7 3 28 2 0 5 999 1 7.6 333 150
7 3 29 2 1 4 999 0 333 333 260
7 3 29 2 2 1 94 0 333 333 260
7 3 29 2 3 1 78 0 333 333 260
7 3 29 2 4 1 61 0 333 333 260
7 3 29 2 5 1 67 0 333 333 260
7 3 31 2 0 5 999 0 333 333 275
7 3 32 2 0 5 999 0 333 333 300
7 3 33 1 1 5 999 0 333 333 125
7 3 34 2 0 5 999 1 8.3 333 160
7 3 35 2 0 5 999 0 333 333 60
7 3 39 2 0 5 999 0 333 333 220
7 3 44 1 0 5 999 0 333 333 140
7 3 46 1 0 5 999 0 333 333 220
7 3 48 1 0 5 999 0 333 333 135
7 3 50 2 0 6 999 0 333 333 140
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
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371
1 3 2 1 2 37 1 8.2 333 215
1 3 2 2 2 94 1 8.2 333 215
1 3 2 3 1 72 1 8.2 333 215
1 3 2 4 1 79 1 8.2 333 215
1 3 2 5 1 97 1 8.2 333 215
1 3 2 6 3 999 1 8.2 333 215
1 3 2 7 1 70 1 8.2 333 215
1 3 2 8 3 999 1 8.2 333 215
1 3 2 9 3 999 1 8.2 333 215
1 4 1 1 2 70 1 8 333 208
1 4 1 2 2 80 1 8 333 208
1 4 1 3 2 72 1 8 333 208
1 10 2 0 5 999 0 333 333 72
1 11 2 0 5 999 0 333 333 157
1 12 2 0 5 999 0 333 333 247
1 13 2 1 2 87 2 8.1 7.2 204
1 13 2 2 2 68 2 8.1 7.2 204
1 13 2 3 2 87 2 8.1 7.2 204
1 13 2 4 2 82 2 8.1 7.2 204
1 13 2 5 1 87 2 8.1 7.2 204
1 13 2 6 1 58 2 8.1 7.2 204
1 13 2 7 1 76 2 8.1 7.2 204
1 13 2 8 1 82 2 8.1 7.2 204
1 13 2 9 1 74 2 8.1 7.2 204
1 13 2 10 1 64 2 8.1 7.2 204
1 15 2 1 2 99 1 8.4 333 280
1 15 2 2 2 88 1 8.4 333 280
1 15 2 3 2 84 1 8.4 333 280
1 15 2 4 2 80 1 8.4 333 280
1 15 2 5 2 70 1 8.4 333 280
1 15 2 6 1 62 1 8.4 333 280
1 15 2 7 3 999 1 8.4 333 280
1 16 2 0 5 999 0 333 333 146
1 20 2 1 2 94 1 8.3 333 300
1 20 2 2 2 84 1 8.3 333 300
1 20 2 3 1 67 1 8.3 333 300
1 20 2 4 1 77 1 8.3 333 300
1 20 2 5 1 72 1 8.3 333 300
1 20 2 6 5 999 1 8.3 333 300
1 20 2 7 1 82 1 8.3 333 300
1 20 2 8 1 64 1 8.3 333 300
1 20 2 9 1 74 1 8.3 333 300
1 20 2 10 1 74 1 8.3 333 300
1 20 2 11 3 999 1 8.3 333 300
1 22 2 1 2 91 2 8.5 8.4 280
1 22 2 2 2 91 2 8.5 8.4 280
1 22 2 3 1 81 2 8.5 8.4 280
1 22 2 4 1 78 2 8.5 8.4 280
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
8 1 22 2 5 1 81 2 8.5 8.4 280
8 1 22 2 6 3 999 2 8.5 8.4 280
8 1 23 2 0 5 999 0 333 333 225
8 1 24 2 0 5 999 0 333 333 185
8 1 26 2 0 5 999 0 333 333 255
8 1 28 1 1 5 999 0 333 333 250
8 1 29 2 0 5 999 0 333 333 215
8 1 31 2 0 5 999 0 333 333 190
8 1 32 2 0 5 999 0 333 333 200
8 1 33 1 1 4 999 1 8.2 333 230
8 1 33 1 2 4 999 1 8.2 333 230
8 1 33 1 3 1 76 1 8.2 333 230
8 1 33 1 4 3 999 1 8.2 333 230
8 1 35 2 0 5 999 0 333 333 280
8 1 37 1 1 2 83 1 8.3 333 180
8 1 37 1 2 3 999 1 8.3 333 180
8 1 38 1 0 5 999 0 333 333 192
8 1 39 2 0 5 999 0 333 333 170
8 1 50 1 1 2 83 1 7.9 333 192
8 1 50 1 2 5 999 1 7.9 333 192
8 2 2 2 0 5 999 0 333 333 300
8 2 4 2 0 5 999 0 333 333 240
8 2 5 2 1 2 57 1 7.7 333 175
8 2 5 2 2 1 36 1 7.7 333 175
8 2 5 2 3 5 999 1 7.7 333 175
8 2 7 2 1 2 83 1 7.8 333 330
8 2 7 2 2 5 999 1 7.8 333 330
8 2 7 2 3 5 999 1 7.8 333 330
8 2 8 2 0 5 999 0 333 333 255
8 2 14 2 0 5 999 0 333 333 250
8 2 15 2 1 2 90 1 8.9 333 270
8 2 15 2 2 2 73 1 8.9 333 270
8 2 15 2 3 1 81 1 8.9 333 270
8 2 15 2 4 1 58 1 8.9 333 270
8 2 15 2 5 1 78 1 8.9 333 270
8 2 15 2 6 1 86 1 8.9 333 270
8 2 15 2 7 1 29 1 8.9 333 270
8 2 15 2 8 1 64 1 8.9 333 270
8 2 15 2 9 1 77 1 8.9 333 270
8 2 15 2 10 1 57 1 8.9 333 270
8 2 16 2 0 6 999 0 333 333 270
8 2 19 2 0 5 999 0 333 333 150
8 2 21 2 0 6 999 0 333 333 236
8 2 22 2 0 5 999 0 333 333 115
8 2 24 2 1 2 70 0 333 333 220
8 2 31 2 0 5 999 0 333 333 255
8 2 33 2 0 6 999 0 333 333 185
8 2 34 2 1 2 82 0 333 333 125
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
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8
8
8
8
8
8
8
8
8
8
8
8
8
8
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373
2 35 2 0 5 999 0 333 333 250
2 37 1 0 5 999 0 333 333 230
3 1 2 0 5 999 0 333 333 130
3 2 1 1 2 68 1 7.9 333 218
3 2 1 2 2 77 1 7.9 333 218
3 2 1 3 1 67 1 7.9 333 218
3 2 1 4 5 999 1 7.9 333 218
3 3 2 1 5 999 1 8.3 333 147
3 3 2 2 5 999 1 8.3 333 147
3 6 1 1 2 89 1 8.4 333 180
3 6 1 2 2 74 1 8.4 333 180
3 6 1 3 5 999 1 8.4 333 180
3 7 2 0 5 999 1 8.2 333 218
3 9 2 0 5 999 0 333 333 312
3 10 2 0 5 999 0 333 333 235
3 11 2 0 5 999 0 333 333 179
3 18 2 0 5 999 0 333 333 248
3 19 2 0 5 999 0 333 333 264
3 20 2 0 5 999 0 333 333 348
3 21 2 0 5 999 0 333 333 236
3 22 2 0 5 999 0 333 333 124
3 23 1 0 5 999 1 8.8 333 246
3 24 2 0 5 999 0 333 333 208
3 25 2 1 2 103 1 8.4 333 276
3 25 2 2 1 107 1 8.4 333 276
3 25 2 3 1 96 1 8.4 333 276
3 25 2 4 1 90 1 8.4 333 276
3 25 2 5 1 73 1 8.4 333 276
3 25 2 6 1 73 1 8.4 333 276
3 25 2 7 1 91 1 8.4 333 276
3 25 2 8 1 61 1 8.4 333 276
3 25 2 9 1 96 1 8.4 333 276
3 25 2 10 1 88 1 8.4 333 276
3 25 2 11 5 999 1 8.4 333 276
3 27 2 1 2 89 2 7.7 8.1 256
3 27 2 2 1 77 2 7.7 8.1 256
3 27 2 3 1 78 2 7.7 8.1 256
3 27 2 4 1 83 2 7.7 8.1 256
3 27 2 5 1 67 2 7.7 8.1 256
3 27 2 6 1 62 2 7.7 8.1 256
3 27 2 7 1 57 2 7.7 8.1 256
3 27 2 8 1 78 2 7.7 8.1 256
3 27 2 9 1 72 2 7.7 8.1 256
3 27 2 10 1 71 2 7.7 8.1 256
3 27 2 11 3 999 2 7.7 8.1 256
3 27 2 12 3 999 2 7.7 8.1 256
3 27 2 13 5 999 2 7.7 8.1 256
3 29 2 0 5 999 0 333 333 170
1
1
1
1
1
1
1
1
1
1
1
1
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2
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2
2
2
2
2
2
2
2
2
2
2
2
2
2
8 3 30 2 0 6 999 0 333 333 276
8 3 31 2 0 5 999 0 333 333 260
8 3 32 2 0 5 999 0 333 333 169
8 3 33 2 1 2 75 2 7.9 8.3 255
8 3 33 2 2 2 53 2 7.9 8.3 255
8 3 33 2 3 1 54 2 7.9 8.3 255
8 3 33 2 4 1 55 2 7.9 8.3 255
8 3 33 2 5 1 57 2 7.9 8.3 255
8 3 33 2 6 1 60 2 7.9 8.3 255
8 3 33 2 7 1 50 2 7.9 8.3 255
8 3 33 2 8 3 999 2 7.9 8.3 255
8 3 33 2 9 1 41 2 7.9 8.3 255
1 1 3 2 0 5 999 0 333 333 200
1 1 4 2 0 6 999 0 333 333 240
1 1 7 2 0 5 999 0 333 333 270
1 1 8 2 0 5 999 0 333 333 270
1 1 10 2 1 2 95 1 8.4 333 240
1 1 10 2 2 2 59 1 8.4 333 240
1 1 10 2 3 1 70 1 8.4 333 240
1 1 10 2 4 1 68 1 8.4 333 240
1 1 10 2 5 3 999 1 8.4 333 240
1 1 10 2 6 3 999 1 8.4 333 240
1 1 12 1 0 5 999 0 333 333 180
1 1 13 2 1 3 999 0 333 333 190
1 1 13 2 2 3 999 0 333 333 190
1 1 13 2 3 3 999 0 333 333 190
1 1 20 2 1 2 84 2 8.2 8.1 205
1 1 20 2 2 1 100 2 8.2 8.1 205
1 1 20 2 3 1 89 2 8.2 8.1 205
1 1 20 2 4 1 60 2 8.2 8.1 205
1 1 20 2 5 1 77 2 8.2 8.1 205
1 1 20 2 6 1 82 2 8.2 8.1 205
1 1 20 2 7 1 66 2 8.2 8.1 205
1 1 21 2 0 5 999 0 333 333 210
1 1 23 2 0 5 999 0 333 333 145
1 1 24 2 0 5 999 0 333 333 140
1 1 27 2 0 5 999 0 333 333 180
1 1 29 2 1 2 100 1 8.2 333 290
1 1 29 2 2 2 107 1 8.2 333 290
1 1 29 2 3 1 85 1 8.2 333 290
1 1 29 2 4 1 91 1 8.2 333 290
1 1 29 2 5 5 999 1 8.2 333 290
1 1 29 2 6 5 999 1 8.2 333 290
1 1 29 2 7 1 58 1 8.2 333 290
1 1 29 2 8 1 77 1 8.2 333 290
1 1 30 2 0 5 999 0 333 333 90
1 1 31 1 1 3 999 1 8.4 333 200
1 1 31 1 2 3 999 1 8.4 333 200
375
2 1 1 31 1 3 3 999 1 8.4 333 200
2 1 1 33 2 1 4 999 1 8.6 333 290
2 1 1 36 2 0 6 999 0 333 333 220
2 1 2 4 2 0 5 999 0 333 333 173
2 1 2 5 2 0 5 999 0 333 333 262
2 1 2 10 2 1 2 81 2 8.3 8.6 318
2 1 2 10 2 2 2 72 2 8.3 8.6 318
2 1 2 10 2 3 1 50 2 8.3 8.6 318
2 1 2 10 2 4 1 55 2 8.3 8.6 318
2 1 2 10 2 5 1 46 2 8.3 8.6 318
2 1 2 10 2 6 1 52 2 8.3 8.6 318
2 1 2 10 2 7 1 35 2 8.3 8.6 318
2 1 2 10 2 8 1 45 2 8.3 8.6 318
2 1 2 10 2 9 1 37 2 8.3 8.6 318
2 1 2 10 2 10 1 37 2 8.3 8.6 318
2 1 2 10 2 11 1 32 2 8.3 8.6 318
2 1 2 10 2 12 3 999 2 8.3 8.6 318
2 1 2 11 2 0 6 999 0 333 333 218
2 1 2 13 1 1 2 76 1 8.3 333 228
2 1 2 13 1 2 2 92 1 8.3 333 228
2 1 2 13 1 3 2 86 1 8.3 333 228
2 1 2 13 1 4 3 999 1 8.3 333 228
2 1 2 14 2 0 5 999 1 8.3 333 344
2 1 2 15 2 1 4 999 0 333 333 317
2 1 2 15 2 2 4 999 0 333 333 317
2 1 2 15 2 3 4 999 0 333 333 317
2 1 2 15 2 4 4 999 0 333 333 317
2 1 2 15 2 5 4 999 0 333 333 317
2 1 2 16 2 0 5 999 0 333 333 190
2 1 2 17 2 0 5 999 0 333 333 100
2 1 2 19 2 0 5 999 0 333 333 275
2 1 2 21 1 0 5 999 0 333 333 315
2 1 2 22 2 0 5 999 0 333 333 175
2 1 2 26 2 1 2 85 0 333 333 260
2 1 2 26 2 2 2 90 0 333 333 260
2 1 2 26 2 3 1 40 0 333 333 260
2 1 2 26 2 4 1 51 0 333 333 260
2 1 2 26 2 5 1 78 0 333 333 260
2 1 2 26 2 6 1 68 0 333 333 260
2 1 2 26 2 7 1 80 0 333 333 260
2 1 2 28 2 0 5 999 0 333 333 210
2 1 2 30 2 0 5 999 0 333 333 195
2 1 2 32 2 0 5 999 0 333 333 133
2 1 2 35 2 1 2 96 1 8.4 333 205
2 1 2 35 2 2 2 74 1 8.4 333 205
2 1 2 35 2 3 1 85 1 8.4 333 205
2 1 2 35 2 4 1 39 1 8.4 333 205
2 1 2 35 2 5 3 999 1 8.4 333 205
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2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1 2 37 2 0 5 999 0 333 333 190
1 2 40 2 0 5 999 0 333 333 255
1 2 41 2 1 2 81 1 7.7 333 240
1 2 41 2 2 5 999 1 7.7 333 240
1 2 41 2 3 1 76 1 7.7 333 240
1 2 41 2 4 1 45 1 7.7 333 240
1 2 41 2 5 1 73 1 7.7 333 240
1 2 42 2 1 5 999 0 333 333 165
1 2 43 2 1 2 95 1 7.6 333 300
1 2 43 2 2 2 80 1 7.6 333 300
1 2 43 2 3 1 72 1 7.6 333 300
1 2 43 2 4 1 54 1 7.6 333 300
1 2 43 2 5 1 51 1 7.6 333 300
1 2 43 2 6 1 72 1 7.6 333 300
1 2 43 2 7 1 70 1 7.6 333 300
1 2 43 2 8 1 64 1 7.6 333 300
1 3 4 2 0 5 999 0 333 333 210
1 3 8 2 0 5 999 0 333 333 250
1 3 13 2 0 5 999 0 333 333 150
1 3 14 2 0 5 999 0 333 333 280
1 3 15 2 1 2 73 2 8.5 8 265
1 3 15 2 2 2 66 2 8.5 8 265
1 3 15 2 3 1 67 2 8.5 8 265
1 3 15 2 4 1 80 2 8.5 8 265
1 3 15 2 5 1 40 2 8.5 8 265
1 3 15 2 6 1 51 2 8.5 8 265
1 3 15 2 7 3 999 2 8.5 8 265
1 3 16 2 0 5 999 0 333 333 205
1 3 17 2 0 5 999 0 333 333 235
1 3 20 2 0 5 999 0 333 333 170
1 3 21 1 1 2 67 1 7.9 333 190
1 3 21 1 2 3 999 1 7.9 333 190
1 3 21 1 3 3 999 1 7.9 333 190
1 3 23 2 0 5 999 0 333 333 200
1 3 24 1 1 3 999 0 333 333 170
1 3 24 1 2 3 999 0 333 333 170
1 3 25 2 0 5 999 0 333 333 290
1 3 26 1 0 5 999 0 333 333 550
1 3 27 1 0 5 999 0 333 333 250
1 3 28 2 0 5 999 0 333 333 330
1 3 29 2 1 5 999 0 333 333 270
1 3 29 2 2 5 999 0 333 333 270
1 3 29 2 3 5 999, 0 333 333 270
1 3 31 2 0 6 999 0 333 333 175
1 3 32 2 1 2 80 0 333 333 250
1 3 32 2 2 3 999 0 333 333 250
1 3 36 2 1 2 108 1 8.2 333 240
1 3 36 2 2 1 83 1 8.2 333 240
377
2 1 3 36 2 3 1 76 1 8.2 333 240
2 1 3 36 2 4 1 71 1 8.2 333 240
2 1 3 36 2 5 1 76 1 8.2 333 240
2 1 3 36 2 6 1 62 1 8.2 333 240
2 1 3 36 2 7 1 87 1 8.2 333 240
2 1 3 36 2 8 1 36 1 8.2 333 240
2 1 3 36 2 9 1 60 1 8.2 333 240
2 1 3 36 2 10 3 999 1 8.2 333 240
2 1 3 37 2 0 5 999 0 333 333 130
2 1 3 40 2 0 5 999 0 333 333 270
2 1 3 41 2 1 5 999 0 333 333 270
2 1 3 45 2 1 5 999 1 7.8 333 240
2 1 3 45 2 2 5 999 1 7.8 333 240
2 1 3 45 2 3 1 49 1 7.8 333 240
2 2 1 1 2 0 5 999 0 333 333 205
2 2 1 2 2 1 2 65 1 8.1 333 220
2 2 1 2 2 2 2 74 1 8.1 333 220
2 2 1 2 2 3 1 63 1 8.1 333 220
2 2 1 2 2 4 1 66 1 8.1 333 220
2 2 1 2 2 5 1 56 1 8.1 333 220
2 2 1 4 2 1 2 76 2 7.9 8 240
2 2 1 4 2 2 1 75 2 7.9 8 240
2 2 1 4 2 3 1 35 2 7.9 8 240
2 2 1 4 2 4 1 32 2 7.9 8 240
2 2 1 4 2 5 1 60 2 7.9 8 240
2 2 1 4 2 6 1 61 2 7.9 8 240
2 2 1 4 2 7 1 46 2 7.9 8 240
2 2 1 4 2 8 1 50 2 7.9 8 240
2 2 1 4 2 9 1 77 2 7.9 8 240
2 2 1 4 2 10 3 999 2 7.9 8 240
2 2 1 5 2 1 4 999 2 8 8.2 295
2 2 1 5 2 2 5 999 2 8 8.2 295
2 2 1 5 2 3 5 999 2 8 8.2 295
2 2 1 5 2 4 3 999 2 8 8.2 295
2 2 1 5 2 5 3 999 2 8 8.2 295
2 2 1 5 2 6 3 999 2 8 8.2 295
2 2 1 5 2 7 3 999 2 8 8.2 295
2 2 1 5 2 8 3 999 2 8 8.2 295
2 2 1 5 2 9 3 999 2 8 8.2 295
2 2 1 6 2 0 5 999 0 333 333 280
2 2 1 11 2 0 6 999 0 333 333 250
2 2 1 12 2 0 5 999 0 333 333 228
2 2 1 14 2 0 5 999 0 333 333 150
2 2 1 16 2 1 2 68 1 8 333 290
2 2 1 16 2 2 2 81 1 8 333 290
2 2 1 16 2 3 3 999 1 8 333 290
2 2 1 16 2 4 3 999 1 8 333 290
2 2 1 21 2 1 3 999 1 7.8 333 146
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2
2
2
2
2
2
2
2
2
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2 1 21 2 2 3 999 1 7.8 333 146
2 1 21 2 3 5 999 1 7.8 333 146
2 1 23 2 0 5 999 0 333 333 43
2 1 25 2 1 2 99 2 8 8.4 288
2 1 25 2 2 2 99 2 8 8.4 288
2 1 25 2 3 5 999 2 8 8.4 288
2 1 25 2 4 5 999 2 8 8.4 288
2 1 25 2 5 3 999 2 8 8.4 288
2 1 25 2 6 3 999 2 8 8.4 288
2 1 33 2 1 4 999 0 333 333 220
2 1 36 2 1 2 75 1 8.2 333 235
2 1 36 2 2 3 999 1 8.2 333 235
2 1 37 2 0 5 999 0 333 333 325
2 1 38 2 0 5 999 0 333 333 185
2 1 39 2 0 5 999 0 333 333 205
2 2 1 2 1 2 50 0 333 333 230
2 2 1 2 2 2 45 0 333 333 230
2 2 1 2 3 3 999 0 333 333 230
2 2 2 2 0 5 999 0 333 333 190
2 2 9 2 0 5 999 0 333 333 310
2 2 10 2 1 5 999 2 7 8.1 180
2 2 10 2 2 5 999 2 7 8.1 180
2 2 11 1 1 2 94 1 8.4 333 190
2 2 11 1 2 3 999 1 8.4 333 190
2 2 11 1 3 3 999 1 8.4 333 190
2 2 13 2 1 3 999 1 8.4 333 250
2 2 13 2 2 5 999 1 8.4 333 250
2 2 13 2 3 5 999 1 8.4 333 250
2 2 13 2 4 5 999 1 8.4 333 250
2 2 13 2 5 3 999 1 8.4 333 250
2 2 15 2 0 5 999 0 333 333 370
2 2 16 2 1 4 999 1 8 333 250
2 2 16 2 2 5 999 1 8 333 250
2 2 17 2 0 5 999 0 333 333 280
2 2 18 2 1 3 999 0 333 333 140
2 2 19 2 0 5 999 0 333 333 195
2 2 20 2 0 5 999 1 8.1 333 140
2 2 21 1 0 6 999 0 333 333 230
2 2 23 2 0 6 999 0 333 333 225
2 2 24 2 1 2 94 1 8.6 333 300
2 2 24 2 2 1 79 1 8.6 333 300
2 2 24 2 3 5 999 1 8.6 333 300
2 2 25 2 1 5 999 1 8.2 333 240
2 2 25 2 2 5 999 1 8.2 333 240
2 2 25 2 3 1 56 1 8.2 333 240
2 2 27 2 0 5 999 0 333 333 118
2 2 32 1 1 3 999 1 8.4 333 163
2 2 32 1 2 3 999 1 8.4 333 163
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2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
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2
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2
2
2
2
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2
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379
2 34 1 0 5 999 0 333 333 124
2 37 2 0 5 999 0 333 333 203
2 38 2 0 5 999 0 333 333 139
2 39 2 1 4 999 1 8.9 333 286
2 39 2 2 3 999 1 8.9 333 286
2 41 2 0 5 999 0 333 333 157
2 43 2 0 6 999 0 333 333 230
2 44 2 0 5 999 0 333 333 190
2 46 2 1 2 100 1 8.4 333 293
2 46 2 2 3 999 1 8.4 333 293
2 46 2 3 5 999 1 8.4 333 293
2 49 2 1 2 81 1 7.8 333 225
2 49 2 2 2 57 1 7.8 333 225
2 49 2 3 3 999 1 7.8 333 225
2 50 2 1 2 68 2 8.1 8.3 290
2 50 2 2 2 84 2 8.1 8.3 290
2 50 2 3 1 70 2 8.1 8.3 290
2 50 2 4 3 999 2 8.1 8.3 290
2 50 2 5 3 999 2 8.1 8.3 290
2 51 2 1 2 74 0 333 333 242
2 51 2 2 3 999 0 333 333 242
3 1 2 1 3 999 1 7.6 333 195
3 1 2 2 5 999 1 7.6 333 195
3 2 2 1 1 71 1 8.2 333 230
3 2 2 2 3 999 1 8.2 333 230
3 2 2 3 3 999 1 8.2 333 230
3 2 2 4 3 999 1 8.2 333 230
3 4 2 1 2 69 1 8.1 333 175
3 4 2 2 1 86 1 8.1 333 175
3 4 2 3 1 82 1 8.1 333 175
3 4 2 4 1 73 1 8.1 333 175
3 4 2 5 3 999 1 8.1 333 175
3 5 2 1 2 61 1 7.8 333 240
3 5 2 2 2 40 1 7.8 333 240
3 5 2 3 2 71 1 7.8 333 240
3 5 2 4 1 74 1 7.8 333 240
3 5 2 5 1 64 1 7.8 333 240
3 5 2 6 1 21 1 7.8 333 240
3 5 2 7 1 49 1 7.8 333 240
3 5 2 8 1 30 1 7.8 333 240
3 5 2 9 1 34 1 7.8 333 240
3 5 2 10 1 34 1 7.8 333 240
3 8 1 1 2 93 1 8.1 333 165
3 8 1 2 3 999 1 8.1 333 165
3 18 1 1 5 999 0 333 333 225
3 19 2 0 6 999 0 333 333 250
3 20 1 1 4 999 0 333 333 90
3 21 1 0 5 999 0 333 333 120
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2 3 23 1 1 2 77 1 8.2 333 260
2 3 23 1 2 3 999 1 8.2 333 260
2 3 23 1 3 3 999 1 8.2 333 260
2 3 24 1 0 5 999 0 333 333 240
2 3 25 2 0 5 999 0 333 333 220
2 3 27 2 0 5 999 0 333 333 245
2 3 28 1 1 2 84 1 7.9 333 185
2 3 28 1 2 3 999 1 7.9 333 185
2 3 29 1 1 5 999 1 8.5 333 160
2 3 29 1 2 5 999 1 8.5 333 160
2 3 29 1 3 3 999 1 8.5 333 160
2 3 30 1 0 5 999 0 333 333 165
2 3 31 2 0 5 999 0 333 333 200
2 3 33 2 1 2 77 0 333 333 255
2 3 33 2 2 2 90 0 333 333 255
2 3 33 2 3 1 82 0 333 333 255
3 1 1 2 0 5 999 1 8.2 333 280
3 1 2 1 1 2 110 1 8.1 333 210
3 1 2 1 2 2 80 1 8.1 333 210
3 1 2 1 3 2 80 1 8.1 333 210
3 1 3 2 0 5 999 0 333 333 135
3 1 4 2 1 2 70 1 8.5 333 220
3 1 4 2 2 5 999 1 8.5 333 220
3 1 4 2 3 3 999 1 8.5 333 220
3 1 4 2 4 5 999 1 8.5 333 220
3 1 5 2 1 5 999 0 333 333 220
3 1 5 2 2 2 71 0 333 333 220
3 1 5 2 3 1 72 0 333 333 220
3 1 5 2 4 1 80 0 333 333 220
3 1 5 2 5 1 65 0 333 333 220
3 1 5 2 6 3 999 0 333 333 220
3 1 5 2 7 3 999 0 333 333 220
3 1 6 2 1 2 70 1 8.3 333 320
3 1 6 2 2 2 80 1 8.3 333 320
3 1 6 2 3 3 999 1 8.3 333 320
3 1 9 1 1 3 999 1 8.6 333 180
3 1 10 2 0 5 999 0 333 333 230
3 1 11 2 1 4 999 2 8.4 7.8 315
3 1 11 2 2 1 61 2 8.4 7.8 315
3 1 11 2 3 1 91 2 8.4 7.8 315
3 1 11 2 4 1 52 2 8.4 7.8 315
3 1 11 2 5 1 48 2 8.4 7.8 315
3 1 11 2 6 3 999 2 8.4 7.8 315
3 1 11 2 7 3 999 2 8.4 7.8 315
3 1 11 2 8 3 999 2 8.4 7.8 315
3 1 11 2 9 3 999 2 8.4 7.8 315
3 1 12 1 1 4 999 0 333 333 247
3 1 16 2 1 4 999 0 333 333 228
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
381
1 16 2 2 4 999 0 333 333 228
1 19 2 0 5 999 0 333 333 205
1 21 2 1 2 77 0 333 333 251
1 21 2 2 2 60 0 333 333 251
1 22 2 0 5 999 0 333 333 232
1 28 2 0 6 999 0 333 333 205
1 29 2 0 5 999 0 333 333 260
1 33 2 0 5 999 0 333 333 175
1 34 2 1 4 999 1 8 333 300
1 34 2 2 4 999 1 8 333 300
1 34 2 3 3 999 1 8 333 300
1 34 2 4 3 999 1 8 333 300
1 34 2 5 3 999 1 8 333 300
1 34 2 6 3 999 1 8 333 300
1 35 2 0 5 999 0 333 333 150
1 36 2 0 5 999 0 333 333 250
1 40 2 0 5 999 0 333 333 235
1 42 2 0 5 999 0 333 333 160
1 43 2 0 5 999 0 333 333 245
1 44 2 1 2 86 1 7.5 333 180
1 44 2 2 3 999 1 7.5 333 180
1 45 1 0 5 999 0 333 333 230
1 46 2 0 5 999 0 333 333 105
1 47 2 0 5 999 0 333 333 225
1 49 2 0 6 999 0 333 333 185
1 50 1 1 3 999 0 333 333 210
1 50 1 2 3 999 0 333 333 210
1 53 2 0 5 999 0 333 333 250
1 54 2 0 5 999 0 333 333 310
1 55 2 0 5 999 0 333 333 200
1 56 1 0 5 999 1 7.9 333 155
1 57 1 0 5 999 1 8.4 333 212
1 59 2 0 5 999 0 333 333 240
1 60 2 1 5 999 1 8.8 333 260
1 60 2 2 2 55 1 8.8 333 260
1 60 2 3 1 67 1 8.8 333 260
1 60 2 4 1 71 1 8.8 333 260
1 60 2 5 1 72 1 8.8 333 260
1 60 2 6 1 75 1 8.8 333 260
1 60 2 7 3 999 1 8.8 333 260
1 60 2 8 3 999 1 8.8 333 260
1 60 2 9 3 999 1 8.8 333 260
1 60 2 10 3 999 1 8.8 333 260
1 60 2 11 3 999 1 8.8 333 260
1 61 2 1 2 79 1 8.3 333 355
1 61 2 2 3 999 1 8.3 333 355
1 61 2 3 3 999 1 8.3 333 355
1 61 2 4 3 999 1 8.3 333 355
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3 1 62 1 1 2 83 0 333 333 153
3 1 64 2 0 5 999 0 333 333 245
3 1 65 2 0 5 999 0 333 333 140
3 1 67 2 0 5 999 0 333 333 155
3 1 68 2 1 2 67 1 7.5 333 292
3 1 68 2 2 2 82 1 7.5 333 292
3 1 68 2 3 3 999 1 7.5 333 292
3 1 69 2 1 2 85 1 7.5 333 230
3 1 69 2 2 2 75 1 7.5 333 230
3 1 69 2 3 3 999 1 7.5 333 230
3 1 321 2 0 5 999 0 333 333 228
3 1 500 2 1 5 999 0 333 333 135
3 1 501 2 0 5 999 0 333 333 135
3 1 502 2 1 5 999 0 333 333 125
3 1 502 2 2 5 999 0 333 333 125
3 1 502 2 3 5 999 0 333 333 125
3 1 502 2 4 5 999 0 333 333 125
3 1 502 2 5 5 999 0 333 333 125
3 1 504 2 0 5 999 0 333 333 255
3 1 508 2 1 2 98 1 8.3 333 330
3 1 508 2 2 5 999 1 8.3 333 330
3 1 508 2 3 3 999 1 8.3 333 330
3 1 508 2 4 3 999 1 8.3 333 330
3 1 508 2 5 5 999 1 8.3 333 330
3 1 509 1 0 5 999 0 333 333 100
3 1 510 2 1 3 999 1 8.7 333 300
3 1 510 2 2 3 999 1 8.7 333 300
3 1 510 2 3 3 999 1 8.7 333 300
3 1 513 2 1 4 999 0 333 333 295
3 1 513 2 2 4 999 0 333 333 295
3 1 514 2 1 4 999 0 333 333 145
3 1 515 2 1 3 999 0 333 333 220
3 1 515 2 2 3 999 0 333 333 220
3 1 517 2 0 5 999 0 333 333 300
3 1 518 2 0 5 999 0 333 333 180
3 1 519 2 0 5 999 0 333 333 228
3 1 521 2 0 5 999 0 333 333 165
3 1 523 2 1 4 999 0 333 333 228
3 1 523 2 2 4 999 0 333 333 228
3 1 526 2 1 4 999 1 8.1 333 380
3 1 526 2 2 5 999 1 8.1 333 380
3 1 526 2 3 3 999 1 8.1 333 380
3 1 526 2 4 3 999 1 8.1 333 380
3 1 601 1 1 3 999 1 8.3 333 155
3 1 601 1 2 5 999 1 8.3 333 155
3 1 602 2 0 5 999 0 333 333 20
3 1 604 1 0 5 999 0 333 333 60
3 1 605 1 0 5 999 0 333 333 135
383
2 3 1 606 1 0 5 999 0 333 333 95
2 3 1 608 1 1 2 54 1 8.3 333 195
2 3 1 608 1 2 2 73 1 8.3 333 195
2 3 1 608 1 3 1 80 1 8.3 333 195
2 3 1 608 1 4 1 88 1 8.3 333 195
2 3 1 608 1 5 3 999 1 8.3 333 195
2 3 1 608 1 6 3 999 1 8.3 333 195
2 3 1 608 1 7 3 999 1 8.3 333 195
2 3 1 608 1 8 3 999 1 8.3 333 195
2 3 1 610 1 1 4 999 1 8.3 333 260
2 3 1 610 1 2 5 999 1 8.3 333 260
2 3 1 611 1 1 4 999 1 8.3 333 135
2 3 1 611 1 2 3 999 1 8.3 333 135
2 4 1 3 2 0 5 999 0 333 333 200
2 4 1 4 1 1 2 87 1 8.3 333 185
2 4 1 6 2 0 5 999 0 333 333 200
2 4 1 8 2 1 2 64 1 8 333 228
2 4 1 9 2 0 5 999 0 333 333 240
2 4 1 13 2 0 5 999 0 333 333 280
2 4 1 15 2 1 2 85 1 8.4 333 235
2 4 1 15 2 2 2 80 1 8.4 333 235
2 4 1 17 2 0 5 999 0 333 333 145
2 4 1 22 2 1 2 105 1 8 333 220
2 4 1 22 2 2 2 94 1 8 333 220
2 4 1 22 2 3 2 93 1 8 333 220
2 4 1 22 2 4 1 93 1 8 333 220
2 4 1 22 2 5 1 88 1 8 333 220
2 4 1 22 2 6 1 94 1 8 333 220
2 4 1 22 2 7 1 74 1 8 333 220
2 4 1 22 2 8 1 70 1 8 333 220
2 4 1 22 2 9 1 78 1 8 333 220
2 4 1 22 2 10 1 44 1 8 333 220
2 4 1 24 2 0 5 999 0 333 333 265
2 4 1 25 1 1 2 75 1 7.5 333 150
2 4 1 25 1 2 5 999 1 7.5 333 150
2 4 1 26 2 0 5 999 0 333 333 375
2 4 1 27 2 0 5 999 0 333 333 127
2 4 1 34 1 1 2 57 0 333 333 192
2 4 1 34 1 2 2 73 0 333 333 192
2 4 1 34 1 3 3 999 0 333 333 192
2 4 1 36 2 1 3 999 1 7.6 333 170
2 4 1 36 2 2 5 999 1 7.6 333 170
2 4 1 40 1 1 2 75 0 333 333 155
2 4 1 40 1 2 2 68 0 333 333 155
2 4 2 6 2 1 5 999 0 333 333 220
2 4 2 6 2 2 5 999 0 333 333 220
2 4 2 7 2 1 2 70 2 7.9 8.2 350
2 4 2 7 2 2 2 90 2 7.9 8.2 350
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
4 2 7 2 3 1 86 2 7.9 8.2 350
4 2 7 2 4 1 60 2 7.9 8.2 350
4 2 7 2 5 1 73 2 7.9 8.2 350
4 2 7 2 6 1 69 2 7.9 8.2 350
4 2 7 2 7 1 66 2 7.9 8.2 350
4 2 7 2 8 1 52 2 7.9 8.2 350
4 2 8 2 1 2 65 2 8.2 7.8 230
4 2 8 2 2 2 78 2 8.2 7.8 230
4 2 8 2 3 2 58 2 8.2 7.8 230
4 2 8 2 4 2 82 2 8.2 7.8 230
4 2 10 2 1 2 84 1 8.1 333 250
4 2 10 2 2 2 79 1 8.1 333 250
4 2 10 2 3 1 50 1 8.1 333 250
4 2 10 2 4 1 52 1 8.1 333 250
4 2 10 2 5 1 61 1 8.1 333 250
4 2 10 2 6 1 53 1 8.1 333 250
4 2 10 2 7 1 49 1 8.1 333 250
4 2 10 2 8 1 41 1 8.1 333 250
4 2 11 2 0 5 999 0 333 333 340
4 2 12 2 0 5 999 0 333 333 220
4 2 13 2 0 5 999 0 333 333 290
4 2 15 2 0 5 999 0 333 333 275
4 2 16 2 0 5 999 0 333 333 220
4 2 17 2 0 5 999 0 333 333 270
4 2 18 2 1 2 86 2 8.5 8 265
4 2 18 2 2 2 75 2 8.5 8 265
4 2 18 2 3 5 999 2 8.5 8 265
4 2 18 2 4 1 84 2 8.5 8 265
4 2 18 2 5 1 85 2 8.5 8 265
4 2 18 2 6 1 70 2 8.5 8 265
4 2 18 2 7 1 82 2 8.5 8 265
4 2 18 2 8 1 78 2 8.5 8 265
4 2 18 2 9 1 69 2 8.5 8 265
4 2 18 2 10 1 68 2 8.5 8 265
4 2 19 2 0 5 999 0 333 333 235
4 2 21 2 0 6 999 0 333 333 170
4 2 22 1 1 2 92 1 8.5 333 170
4 2 22 1 2 2 92 1 8.5 333 170
4 2 27 2 0 5 999 0 333 333 215
4 2 31 2 0 6 999 0 333 333 200
4 2 33 2 0 5 999 0 333 333 210
4 2 36 2 0 6 999 0 333 333 330
4 2 37 2 0 6 999 0 333 333 230
4 2 38 2 0 5 999 0 333 333 225
4 2 41 2 1 2 90 1 7.5 333 160
4 2 44 2 0 5 999 0 333 333 180
4 2 45 2 0 5 999 0 333 333 165
4 2 49 2 0 5 999 0 333 333 230
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
385
3 1 2 1 2 44 0 333 333 265
3 1 2 2 2 64 0 333 333 265
3 2 1 1 2 80 1 8.3 333 190
3 2 1 2 2 75 1 8.3 333 190
3 2 1 3 5 999 1 8.3 333 190
3 3 2 0 5 999 0 333 333 285
3 5 2 0 5 999 0 333 333 275
3 6 2 0 5 999 0 333 333 135
3 7 2 0 6 999 0 333 333 228
3 15 2 0 6 999 0 333 333 260
3 16 2 0 6 999 0 333 333 285
3 17 1 0 5 999 0 333 333 220
3 19 2 1 2 74 1 8.3 333 250
3 19 2 2 2 45 1 8.3 333 250
3 20 2 1 2 87 1 8.2 333 280
3 20 2 2 5 999 1 8.2 333 280
3 20 2 3 1 76 1 8.2 333 280
3 21 2 0 5 999 0 333 333 228
3 23 2 0 5 999 0 333 333 315
3 27 2 1 2 83 1 7.7 333 305
3 27 2 2 2 105 1 7.7 333 305
3 27 2 3 2 119 1 7.7 333 305
3 27 2 4 1 100 1 7.7 333 305
3 27 2 5 1 92 1 7.7 333 305
3 27 2 6 1 77 1 7.7 333 305
3 27 2 7 1 70 1 7.7 333 305
3 27 2 8 1 58 1 7.7 333 305
3 29 2 1 2 85 1 7.3 333 280
3 29 2 2 2 82 1 7.3 333 280
3 29 2 3 1 67 1 7.3 333 280
3 29 2 4 1 78 1 7.3 333 280
3 29 2 5 1 71 1 7.3 333 280
3 29 2 6 1 59 1 7.3 333 280
3 29 2 7 1 54 1 7.3 333 280
3 31 1 0 5 999 0 333 333 165
3 32 2 0 5 999 0 333 333 265
3 33 1 0 5 999 0 333 333 105
3 34 1 1 4 999 0 333 333 190
3 35 1 1 5 999 1 8.1 333 165
3 39 1 0 5 999 1 7.7 333 150
3 43 2 0 5 999 0 333 333 120
3 44 2 1 3 999 0 333 333 273
3 45 1 1 2 70 1 8.1 333 145
3 45 1 2 3 999 1 8.1 333 145
3 47 2 1 4 999 1 8.5 333 275
3 47 2 2 5 999 1 8.5 333 275
3 47 2 3 1 78 1 8.5 333 275
3 47 2 4 1 81 1 8.5 333 275
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3 47 2 5 1 65 1 8.5 333 275
3 49 2 1 2 87 0 333 333 270
Treef Nest Ntype Cell Ctype Wgt NAF Sizel Size2 NL
1 1 2 1 5 999 1 8.3 333 234
1 1 2 2 5 999 1 8.3 333 234
1 1 2 3 5 999 1 8.3 333 234
1 1 2 4 5 999 1 8.3 333 234
1 1 2 5 1 85 1 8.3 333 234
1 1 2 6 5 999 1 8.3 333 234
1 200 2 1 5 999 1 8.8 333 285
1 200 2 2 5 999 1 8.8 333 285
1 200 2 3 4 999 1 8.8 333 285
1 200 2 4 4 999 1 8.8 333 285
1 200 2 5 4 999 1 8.8 333 285
1 200 2 6 4 999 1 8.8 333 285
1 200 2 7 4 999 1 8.8 333 285
1 200 2 8 1 65 1 8.8 333 285
1 200 2 9 1 71 1 8.8 333 285
1 201 2 1 5 999 1 8.5 333 248
1 201 2 2 2 72 1 8.5 333 248
1 201 2 3 2 81 1 8.5 333 248
1 201 2 4 1 61 1 8.5 333 248
1 201 2 5 1 75 1 8.5 333 248
1 201 2 6 1 71 1 8.5 333 248
1 201 2 7 1 54 1 8.5 333 248
1 201 2 8 1 60 1 8.5 333 248
1 201 2 9 1 70 1 8.5 333 248
1 201 2 10 1 61 1 8.5 333 248
1 201 2 11 1 62 1 8.5 333 248
1 201 2 12 1 56 1 8.5 333 248
1 201 2 13 1 64 1 8.5 333 248
1 201 2 14 1 46 1 8.5 333 248
1 202 2 1 2 90 1 8.3 333 305
1 202 2 2 5 999 1 8.3 333 305
1 202 2 3 2 90 1 8.3 333 305
1 202 2 4 1 86 1 8.3 333 305
1 202 2 5 1 78 1 8.3 333 305
1 202 2 6 1 85 1 8.3 333 305
1 202 2 7 1 73 1 8.3 333 305
1 202 2 8 1 68 1 8.3 333 305
1 203 2 1 2 109 1 9.3 333 275
1 203 2 2 2 112 1 9.3 333 275
1 203 2 3 2 95 1 9.3 333 275
1 203 2 4 1 96 1 9.3 333 275
1 203 2 5 1 75 1 9.3 333 275
1 203 2 6 1 76 1 9.3 333 275
387
1 1 1 203 2 7 1 109 1 9.3 333 275
1 1 1 203 2 8 1 111 1 9.3 333 275
1 1 1 203 2 9 1 105 1 9.3 333 275
1 1 1 203 2 10 1 100 1 9.3 333 275
1 1 1 203 2 11 1 71 1 9.3 333 275
1 1 1 203 2 12 5 999 1 9.3 333 275
1 1 1 204 2 1 2 95 2 8.1 8.3 282
1 1 1 204 2 2 2 97 2 8.1 8.3 282
1 1 1 204 2 3 1 94 2 8.1 8.3 282
1 1 1 204 2 4 1 104 2 8.1 8.3 282
1 1 1 204 2 5 1 81 2 8.1 8.3 282
1 1 1 204 2 6 5 999 2 8.1 8.3 282
1 1 1 204 2 7 1 80 2 8.1 8.3 282
1 1 1 204 2 8 1 75 2 8.1 8.3 282
1 1 1 204 2 9 1 76 2 8.1 8.3 282
1 1 1 204 2 10 5 999 2 8.1 8.3 282
1 1 1 204 2 11 1 81 2 8.1 8.3 282
1 1 1 204 2 12 1 82 2 8.1 8.3 282
1 1 1 204 2 13 1 83 2 8.1 8.3 282
1 1 1 204 2 14 1 84 2 8.1 8.3 282
1 1 1 204 2 15 1 68 2 8.1 8.3 282
1 1 1 204 2 16 5 999 2 8.1 8.3 282
1 1 1 205 2 1 2 66 2 8.1 8.5 343
1 1 1 205 2 2 2 104 2 8.1 8.5 343
1 1 1 205 2 3 2 110 2 8.1 8.5 343
1 1 1 205 2 4 1 75 2 8.1 8.5 343
1 1 1 205 2 5 1 75 2 8.1 8.5 343
1 1 1 205 2 6 5 999 2 8.1 8.5 343
1 1 1 205 2 7 1 93 2 8.1 8.5 343
1 1 1 205 2 8 1 85 2 8.1 8.5 343
1 1 1 205 2 9 1 93 2 8.1 8.5 343
1 1 1 205 2 10 1 76 2 8.1 8.5 343
1 1 1 205 2 11 1 87 2 8.1 8.5 343
1 1 1 205 2 12 1 80 2 8.1 8.5 343
1 1 1 205 2 13 1 77 2 8.1 8.5 343
1 1 1 205 2 14 1 97 2 8.1 8.5 343
1 1 1 205 2 15 1 99 2 8.1 8.5 343
1 1 1 205 2 16 1 95 2 8.1 8.5 343
1 1 1 205 2 17 1 77 2 8.1 8.5 343
1 1 1 205 2 18 5 999 2 8.1 8.5 343
1 1 1 206 2 1 4 999 1 8.2 333 255
1 1 1 206 2 2 5 999 1 8.2 333 255
1 1 1 206 2 3 5 999 1 8.2 333 255
1 1 1 206 2 4 5 999 1 8.2 333 255
1 1 1 206 2 5 1 101 1 8.2 333 255
1 1 1 206 2 6 1 99 1 8.2 333 255
1 1 1 206 2 7 1 99 1 8.2 333 255
1 1 1 206 2 8 1 87 1 8.2 333 255
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 1 206 2 9 3 999 1 8.2 333 255
1 1 207 1 1 4 999 1 7.7 333 152
1 1 207 1 2 4 999 1 7.7 333 152
1 1 207 1 3 4 999 1 7.7 333 152
1 1 207 1 4 4 999 1 7.7 333 152
1 1 207 1 5 5 999 1 7.7 333 152
1 1 208 2 1 2 84 0 333 333 265
1 1 208 2 2 2 89 0 333 333 265
1 1 208 2 3 5 999 0 333 333 265
1 1 208 2 4 2 80 0 333 333 265
1 1 208 2 5 5 999 0 333 333 265
1 1 208 2 6 1 88 0 333 333 265
1 1 208 2 7 1 86 0 333 333 265
1 1 208 2 8 1 73 0 333 333 265
1 1 208 2 9 1 36 0 333 333 265
1 1 209 2 1 2 92 2 7.9 8.2 276
1 1 209 2 2 2 110 2 7.9 8.2 276
1 1 209 2 3 2 115 2 7.9 8.2 276
1 1 209 2 4 1 102 2 7.9 8.2 276
1 1 209 2 5 1 95 2 7.9 8.2 276
1 1 209 2 6 1 93 2 7.9 8.2 276
1 1 209 2 7 1 109 2 7.9 8.2 276
1 1 209 2 8 1 101 2 7.9 8.2 276
1 1 209 2 9 1 119 2 7.9 8.2 276
1 1 209 2 10 1 96 2 7.9 8.2 276
1 1 209 2 11 1 102 2 7.9 8.2 276
1 1 209 2 12 1 85 2 7.9 8.2 276
1 1 209 2 13 1 99 2 7.9 8.2 276
1 1 209 2 14 1 90 2 7.9 8.2 276
1 1 209 2 15 5 999 2 7.9 8.2 276
1 1 209 2 16 5 999 2 7.9 8.2 276
1 1 209 2 17 5 999 2 7.9 8.2 276
1 1 210 2 1 2 90 2 8.3 8.9 342
1 1 210 2 2 2 103 2 8.3 8.9 342
1 1 210 2 3 2 105 2 8.3 8.9 342
1 1 210 2 4 1 83 2 8.3 8.9 342
1 1 210 2 5 1 110 2 8.3 8.9 342
1 1 210 2 6 1 106 2 8.3 8.9 342
1 1 210 2 7 1 94 2 8.3 8.9 342
1 1 210 2 8 1 114 2 8.3 8.9 342
1 1 210 2 9 1 91 2 8.3 8.9 342
1 1 210 2 10 1 70 2 8.3 8.9 342
1 1 210 2 11 1 109 2 8.3 8.9 342
1 1 210 2 12 1 81 2 8.3 8.9 342
1 1 210 2 13 1 105 2 8.3 8.9 342
1 1 210 2 14 1 106 2 8.3 8.9 342
1 1 210 2 15 1 104 2 8.3 8.9 342
1 1 210 2 16 1 88 2 8.3 8.9 342
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
389
1 210 2 17 1 91 2 8.3 8.9 342
1 210 2 18 1 86 2 8.3 8.9 342
1 210 2 19 5 999 2 8.3 8.9 342
1 210 2 20 5 999 2 8.3 8.9 342
1 211 1 1 2 85 1 8.3 333 231
1 211 1 2 2 78 1 8.3 333 231
1 211 1 3 2 73 1 8.3 333 231
1 211 1 4 2 93 1 8.3 333 231
1 211 1 5 2 85 1 8.3 333 231
1 211 1 6 1 83 1 8.3 333 231
1 212 2 1 2 92 1 8 333 302
1 212 2 2 2 91 1 8 333 302
1 212 2 3 2 82 1 8 333 302
1 212 2 4 2 67 1 8 333 302
1 212 2 5 1 83 1 8 333 302
1 212 2 6 1 82 1 8 333 302
1 212 2 7 1 72 1 8 333 302
1 212 2 8 1 71 1 8 333 302
1 212 2 9 1 74 1 8 333 302
1 212 2 10 5 999 1 8 333 302
1 212 2 11 5 999 1 8 333 302
1 212 2 12 5 999 1 8 333 302
1 500 2 0 5 999 0 333 333 143
1 501 2 0 5 999 0 333 333 340
1 502 2 0 5 999 0 333 333 155
1 503 2 0 5 999 0 333 333 150
1 505 1 0 5 999 0 333 333 272
2 200 1 1 3 999 1 8 333 162
2 201 1 1 5 999 1 8.5 333 118
2 202 2 1 2 103 2 8.2 8.8 266
2 202 2 2 2 88 2 8.2 8.8 266
2 202 2 3 2 104 2 8.2 8.8 266
2 202 2 4 2 103 2 8.2 8.8 266
2 202 2 5 1 102 2 8.2 8.8 266
2 202 2 6 1 106 2 8.2 8.8 266
2 202 2 7 1 106 2 8.2 8.8 266
2 202 2 8 1 74 2 8.2 8.8 266
2 202 2 9 1 95 2 8.2 8.8 266
2 202 2 10 1 79 2 8.2 8.8 266
2 202 2 11 1 126 2 8.2 8.8 266
2 202 2 12 1 97 2 8.2 8.8 266
2 202 2 13 1 80 2 8.2 8.8 266
2 202 2 14 1 92 2 8.2 8.8 266
2 202 2 15 1 79 2 8.2 8.8 266
2 203 2 1 2 99 1 8.3 333 245
2 203 2 2 2 61 1 8.3 333 245
2 203 2 3 2 82 1 8.3 333 245
2 203 2 4 2 77 1 8.3 333 245
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 2 203 2 5 2 92 1 8.3 333 245
1 2 203 2 6 5 999 1 8.3 333 245
1 2 204 1 1 5 999 1 8.2 333 214
1 2 204 1 2 5 999 1 8.2 333 214
1 2 204 1 3 5 999 1 8.2 333 214
1 2 204 1 4 5 999 1 8.2 333 214
1 2 204 1 5 5 999 1 8.2 333 214
1 2 204 1 6 1 77 1 8.2 333 214
1 2 205 2 1 4 999 1 8.4 333 244
1 2 205 2 2 5 999 1 8.4 333 244
1 2 205 2 3 1 88 1 8.4 333 244
1 2 205 2 4 1 66 1 8.4 333 244
1 2 206 2 1 4 999 1 8 333 303
1 2 206 2 2 5 999 1 8 333 303
1 2 206 2 3 5 999 1 8 333 303
1 2 206 2 4 5 999 1 8 333 303
1 2 207 2 1 4 999 1 8.8 333 330
1 2 207 2 2 5 999 1 8.8 333 330
1 2 207 2 3 5 999 1 8.8 333 330
1 2 207 2 4 1 56 1 8.8 333 330
1 2 207 2 5 5 999 1 8.8 333 330
1 2 207 2 6 1 69 1 8.8 333 330
1 2 207 2 7 5 999 1 8.8 333 330
1 2 208 2 1 5 999 1 7.7 333 275
1 2 208 2 2 5 999 1 7.7 333 275
1 2 208 2 3 5 999 1 7.7 333 275
1 2 209 1 1 2 102 0 333 333 185
1 2 209 1 2 2 102 0 333 333 185
1 2 209 1 3 5 999 0 333 333 185
1 2 210 2 0 5 999 0 333 333 180
1 2 211 2 1 2 96 1 9 333 252
1 2 211 2 2 2 110 1 9 333 252
1 2 211 2 3 1 68 1 9 333 252
1 2 211 2 4 5 999 1 9 333 252
1 2 211 2 5 1 83 1 9 333 252
1 2 211 2 6 5 999 1 9 333 252
1 2 211 2 7 1 96 1 9 333 252
1 2 211 2 8 5 999 1 9 333 252
1 2 211 2 9 1 100 1 9 333 252
1 2 211 2 10 5 999 1 9 333 252
1 2 211 2 11 1 100 1 9 333 252
1 2 503 2 0 5 999 0 333 333 165
1 2 507 2 0 5 999 0 333 333 135
1 2 510 2 1 5 999 0 333 333 182
1 2 511 2 0 5 999 0 333 333 197
1 2 512 2 0 5 999 0 333 333 259
1 3 1 2 1 2 113 1 8.7 333 274
1 3 1 2 2 2 120 1 8.7 333 274
391
1 1 3 1 2 3 2 114 1 8.7 333 274
1 1 3 1 2 4 1 126 1 8.7 333 274
1 1 3 1 2 5 1 108 1 8.7 333 274
1 1 3 1 2 6 1 107 1 8.7 333 274
1 1 3 1 2 7 5 999 1 8.7 333 274
1 1 3 1 2 8 1 85 1 8.7 333 274
1 1 3 1 2 9 1 102 1 8.7 333 274
1 1 3 1 2 10 5 999 1 8.7 333 274
1 1 3 1 2 11 5 999 1 8.7 333 274
1 1 3 1 2 12 5 999 1 8.7 333 274
1 1 3 2 2 1 2 116 1 8.5 333 283
1 1 3 2 2 2 2 105 1 8.5 333 283
1 1 3 2 2 3 2 115 1 8.5 333 283
1 1 3 2 2 4 2 87 1 8.5 333 283
1 1 3 2 2 5 1 113 1 8.5 333 283
1 1 3 2 2 6 1 90 1 8.5 333 283
1 1 3 2 2 7 1 115 1 8.5 333 283
1 1 3 2 2 8 1 82 1 8.5 333 283
1 1 3 2 2 9 1 86 1 8.5 333 283
1 1 3 2 2 10 1 85 1 8.5 333 283
1 1 3 2 2 11 1 89 1 8.5 333 283
1 1 3 2 2 12 1 86 1 8.5 333 283
1 1 3 2 2 13 1 87 1 8.5 333 283
1 1 3 2 2 14 1 81 1 8.5 333 283
1 1 3 2 2 15 1 85 1 8.5 333 283
1 1 3 100 1 1 2 105 1 8.2 333 100
1 1 3 100 1 2 2 105 1 8.2 333 100
1 1 3 100 1 3 2 86 1 8.2 333 100
1 1 3 100 1 4 2 99 1 8.2 333 100
1 1 3 100 1 5 2 76 1 8.2 333 100
1 1 3 101 2 1 2 105 1 8.1 333 232
1 1 3 101 2 2 2 105 1 8.1 333 232
1 1 3 101 2 3 2 75 1 8.1 333 232
1 1 3 101 2 4 1 100 1 8.1 333 232
1 1 3 101 2 5 5 999 1 8.1 333 232
1 1 3 101 2 6 2 62 1 8.1 333 232
1 1 3 101 2 7 1 90 1 8.1 333 232
1 1 3 101 2 8 1 79 1 8.1 333 232
1 1 3 101 2 9 1 31 1 8.1 333 232
1 1 3 101 2 10 5 999 1 8.1 333 232
1 1 3 102 2 1 2 115 1 7.6 333 296
1 1 3 102 2 2 2 111 1 7.6 333 296
1 1 3 102 2 3 2 80 1 7.6 333 296
1 1 3 102 2 4 1 103 1 7.6 333 296
1 1 3 102 2 5 1 65 1 7.6 333 296
1 1 3 102 2 6 1 111 1 7.6 333 296
1 1 3 102 2 7 1 74 1 7.6 333 296
1 1 3 102 2 8 1 52 1 7.6 333 296
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 3 102 2 9 1 88 1 7.6 333 296
1 3 102 2 10 1 93 1 7.6 333 296
1 3 102 2 11 1 91 1 7.6 333 296
1 3 102 2 12 1 95 1 7.6 333 296
1 3 102 2 13 1 78 1 7.6 333 296
1 3 102 2 14 1 78 1 7.6 333 296
1 3 102 2 15 1 69 1 7.6 333 296
1 3 102 2 16 5 999 1 7.6 333 296
1 3 103 2 1 5 999 1 8.4 333 276
1 3 103 2 2 5 999 1 8.4 333 276
1 3 103 2 3 1 97 1 8.4 333 276
1 3 103 2 4 5 999 1 8.4 333 276
1 3 103 2 5 1 81 1 8.4 333 276
1 3 103 2 6 5 999 1 8.4 333 276
1 3 103 2 7 1 79 1 8.4 333 276
1 3 103 2 8 1 68 1 8.4 333 276
1 3 103 2 9 5 999 1 8.4 333 276
1 3 200 1 1 2 108 1 8.2 333 182
1 3 200 1 2 5 999 1 8.2 333 182
1 3 200 1 3 2 113 1 8.2 333 182
1 3 200 1 4 2 111 1 8.2 333 182
1 3 200 1 5 1 80 1 8.2 333 182
1 3 201 2 1 2 87 1 8.1 333 271
1 3 201 2 2 2 86 1 8.1 333 271
1 3 201 2 3 1 66 1 8.1 333 271
1 3 201 2 4 1 85 1 8.1 333 271
1 3 201 2 5 1 78 1 8.1 333 271
1 3 201 2 6 1 85 1 8.1 333 271
1 3 201 2 7 1 93 1 8.1 333 271
1 3 202 2 1 2 62 1 8.8 333 252
1 3 202 2 2 2 92 1 8.8 333 252
1 3 202 2 3 2 92 1 8.8 333 252
1 3 203 2 1 4 999 0 333 333 193
1 3 203 2 2 5 999 0 333 333 193
1 3 203 2 3 5 999 0 333 333 193
1 3 500 2 0 5 999 0 333 333 169
1 3 501 2 0 5 999 0 333 333 116
1 3 502 2 0 5 999 0 333 333 324
1 3 503 2 0 5 999 0 333 333 298
1 3 506 2 0 5 999 0 333 333 265
1 3 507 2 0 5 999 0 333 333 260
1 3 508 2 0 5 999 0 333 333 51
1 3 509 2 0 5 999 0 333 333 164
1 3 510 2 0 5 999 0 333 333 225
1 3 602 1 1 2 103 0 333 333 187
1 3 602 1 2 2 99 0 333 333 187
1 3 602 1 3 2 106 0 333 333 187
1 3 602 1 4 2 89 0 333 333 187
393
1 2 1 1 2 1 5 999 1 8.7 333 273
1 2 1 1 2 2 2 113 1 8.7 333 273
1 2 1 1 2 3 2 100 1 8.7 333 273
1 2 1 1 2 4 1 88 1 8.7 333 273
1 2 1 1 2 5 1 98 1 8.7 333 273
1 2 1 1 2 6 1 81 1 8.7 333 273
1 2 1 1 2 7 1 76 1 8.7 333 273
1 2 1 1 2 8 1 75 1 8.7 333 273
1 2 1 1 2 9 3 999 1 8.7 333 273
1 2 1 1 2 10 1 73 1 8.7 333 273
1 2 1 1 2 11 1 82 1 8.7 333 273
1 2 1 1 2 12 1 92 1 8.7 333 273
1 2 1 1 2 13 1 69 1 8.7 333 273
1 2 1 1 2 14 5 999 1 8.7 333 273
1 2 1 2 2 1 2 118 1 8.5 333 251
1 2 1 2 2 2 2 103 1 8.5 333 251
1 2 1 2 2 3 2 112 1 8.5 333 251
1 2 1 2 2 4 2 111 1 8.5 333 251
1 2 1 2 2 5 1 96 1 8.5 333 251
1 2 1 3 2 1 2 99 1 8.3 333 290
1 2 1 3 2 2 2 83 1 8.3 333 290
1 2 1 3 2 3 1 85 1 8.3 333 290
1 2 1 3 2 4 1 94 1 8.3 333 290
1 2 1 3 2 5 3 999 1 8.3 333 290
1 2 1 100 2 1 2 82 1 9 333 205
1 2 1 100 2 2 2 84 1 9 333 205
1 2 1 100 2 3 2 65 1 9 333 205
1 2 1 100 2 4 3 999 1 9 333 205
1 2 1 100 2 5 5 999 1 9 333 205
1 2 1 101 2 1 4 999 1 8 333 335
1 2 1 101 2 2 1 94 1 8 333 335
1 2 1 101 2 3 1 109 1 8 333 335
1 2 1 101 2 4 1 89 1 8 333 335
1 2 1 101 2 5 1 69 1 8 333 335
1 2 1 102 2 1 5 999 1 7.4 333 227
1 2 1 102 2 2 2 97 1 7.4 333 227
1 2 1 102 2 3 2 95 1 7.4 333 227
1 2 1 102 2 4 1 98 1 7.4 333 227
1 2 1 102 2 5 5 999 1 7.4 333 227
1 2 1 102 2 6 1 85 1 7.4 333 227
1 2 1 102 2 7 5 999 1 7.4 333 227
1 2 1 102 2 8 1 65 1 7.4 333 227
1 2 1 102 2 9 1 64 1 7.4 333 227
1 2 1 102 2 10 1 81 1 7.4 333 227
1 2 1 102 2 11 1 54 1 7.4 333 227
1 2 1 500 1 0 5 999 0 333 333 119
1 2 1 501 2 0 5 999 0 333 333 238
1 2 1 503 2 0 5 999 0 333 333 222
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2 1 504 2 0 5 999 0 333 333 395
2 1 506 2 0 5 999 0 333 333 198
2 1 508 2 0 5 999 0 333 333 293
2 1 509 2 0 5 999 0 333 333 230
2 1 510 2 0 5 999 0 333 333 75
2 1 511 2 0 5 999 0 333 333 100
2 1 512 2 0 5 999 0 333 333 210
2 2 1 2 1 1 91 1 8.4 333 193
2 2 1 2 2 1 79 1 8.4 333 193
2 2 1 2 3 1 62 1 8.4 333 193
2 2 1 2 4 4 999 1 8.4 333 193
2 2 100 2 1 4 999 0 333 333 298
2 2 100 2 2 5 999 0 333 333 298
2 2 100 2 3 5 999 0 333 333 298
2 2 100 2 4 5 999 0 333 333 298
2 2 100 2 5 5 999 0 333 333 298
2 2 101 2 1 2 93 1 8.8 333 312
2 2 101 2 2 2 86 1 8.8 333 312
2 2 101 2 3 2 82 1 8.8 333 312
2 2 101 2 4 2 69 1 8.8 333 312
2 2 101 2 5 5 999 1 8.8 333 312
2 2 102 2 1 5 999 1 8 333 200
2 2 102 2 2 5 999 1 8 333 200
2 2 102 2 3 5 999 1 8 333 200
2 2 102 2 4 5 999 1 8 333 200
2 2 102 2 5 5 999 1 8 333 200
2 2 102 2 6 5 999 1 8 333 200
2 2 102 2 7 5 999 1 8 333 200
2 2 102 2 8 5 999 1 8 333 200
2 2 102 2 9 1 62 1 8 333 200
2 2 200 2 0 5 999 0 333 333 111
2 2 206 2 0 5 999 0 333 333 253
2 2 207 2 1 5 999 1 7.4 333 300
2 2 207 2 2 5 999 1 7.4 333 300
2 2 207 2 3 2 70 1 7.4 333 300
2 2 207 2 4 1 89 1 7.4 333 300
2 2 207 2 5 1 59 1 7.4 333 300
2 2 207 2 6 5 999 1 7.4 333 300
2 2 208 2 1 2 90 1 7.9 333 290
2 2 208 2 2 2 86 1 7.9 333 290
2 2 208 2 3 1 95 1 7.9 333 290
2 2 208 2 4 1 58 1 7.9 333 290
2 2 208 2 5 1 69 1 7.9 333 290
2 2 208 2 6 1 72 1 7.9 333 290
2 2 208 2 7 1 56 1 7.9 333 290
2 2 208 2 8 1 49 1 7.9 333 290
2 2 208 2 9 5 999 1 7.9 333 290
2 2 208 2 10 5 999 1 7.9 333 290
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
246
190
303
180
160
230
148
272
210
190
174
254
206
206
206
206
273
245
245
245
245
245
245
112
225
225
225
225
225
225
225
225
225
230
230
230
230
230
230
230
230
230
230
261
261
261
261
261
2 2 500 2 0 5 999 0 333 333
2 2 501 2 0 5 999 0 333 333
2 2 505 2 0 5 999 0 333 333
2 2 506 2 0 5 999 0 333 333
2 2 507 2 0 5 999 0 333 333
2 2 509 2 0 5 999 0 333 333
2 2 510 2 0 5 999 0 333 333
2 2 511 2 0 5 999 0 333 333
2 2 513 2 0 5 999 0 333 333
2 2 514 2 0 5 999 0 333 333
2 2 515 2 0 5 999 0 333 333
2 2 516 2 0 5 999 0 333 333
2 3 103 1 1 2 89 0 333 333
2 3 103 1 2 2 87 0 333 333
2 3 103 1 3 5 999 0 333 333
2 3 103 1 4 5 999 0 333 333
2 3 200 2 1 5 999 0 333 333
2 3 201 1 1 2 86 1 8.4 333
2 3 201 1 2 2 90 1 8.4 333
2 3 201 1 3 2 102 1 8.4 333
2 3 201 1 4 2 99 1 8.4 333
2 3 201 1 5 2 100 1 8.4 333
2 3 201 1 6 2 95 1 8.4 333
2 3 202 2 0 5 999 0 333 333
2 3 203 2 1 4 999 1 8.7 333
2 3 203 2 2 4 999 1 8.7 333
2 3 203 2 3 4 999 1 8.7 333
2 3 203 2 4 4 999 1 8.7 333
2 3 203 2 5 4 999 1 8.7 333
2 3 203 2 6 5 999 1 8.7 333
2 3 203 2 7 5 999 1 8.7 333
2 3 203 2 8 5 999 1 8.7 333
2 3 203 2 9 5 999 1 8.7 333
2 3 204 2 1 3 999 1 7.9 333
2 3 204 2 2 3 999 1 7.9 333
2 3 204 2 3 3 999 1 7.9 333
2 3 204 2 4 3 999 1 7.9 333
2 3 204 2 5 5 999 1 7.9 333
2 3 204 2 6 5 999 1 7.9 333
2 3 204 2 7 5 999 1 7.9 333
2 3 204 2 8 5 999 1 7.9 333
2 3 204 2 9 5 999 1 7.9 333
2 3 204 2 10 1 72 1 7.9 333
2 3 205 2 1 5 999 0 333 333
2 3 205 2 2 2 89 0 333 333
2 3 205 2 3 1 50 0 333 333
2 3 205 2 4 1 83 0 333 333
2 3 205 2 5 1 68 0 333 333
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2 3 206 1 1 2 79 1 7.9 333 168
2 3 206 1 2 2 78 1 7.9 333 168
2 3 206 1 3 2 77 1 7.9 333 168
2 3 206 1 4 5 999 1 7.9 333 168
2 3 207 2 1 2 90 1 7.7 333 275
2 3 207 2 2 2 101 1 7.7 333 275
2 3 207 2 3 5 999 1 7.7 333 275
2 3 207 2 4 1 75 1 7.7 333 275
2 3 250 2 1 2 74 0 333 333 176
2 3 250 2 2 2 72 0 333 333 176
2 3 250 2 3 1 64 0 333 333 176
2 3 500 2 0 5 999 0 333 333 89
2 3 501 2 0 5 999 0 333 333 141
2 3 502 2 0 5 999 0 333 333 285
2 3 504 2 0 5 999 0 333 333 300
2 3 505 2 0 5 999 0 333 333 214
2 3 506 2 0 5 999 0 333 333 118
2 3 507 2 0 5 999 0 333 333 394
2 3 509 2 0 5 999 0 333 333 336
2 3 510 2 0 5 999 0 333 333 244
2 3 511 2 0 5 999 0 333 333 302
2 3 513 2 0 5 999 0 333 333 48
2 3 514 2 0 5 999 0 333 333 260
3 1 1 2 1 2 86 1 8.9 333 321
3 1 1 2 2 2 84 1 8.9 333 321
3 1 1 2 3 1 70 1 8.9 333 321
3 1 1 2 4 1 72 1 8.9 333 321
3 1 100 2 1 2 95 1 8.8 333 251
3 1 100 2 2 2 87 1 8.8 333 251
3 1 100 2 3 2 100 1 8.8 333 251
3 1 100 2 4 1 79 1 8.8 333 251
3 1 100 2 5 5 999 1 8.8 333 251
3 1 101 2 1 2 97 1 8.7 333 210
3 1 101 2 2 2 83 1 8.7 333 210
3 1 101 2 3 2 115 1 8.7 333 210
3 1 101 2 4 1 96 1 8.7 333 210
3 1 101 2 5 1 87 1 8.7 333 210
3 1 101 2 6 1 96 1 8.7 333 210
3 1 101 2 7 1 88 1 8.7 333 210
3 1 101 2 8 1 78 1 8.7 333 210
3 1 101 2 9 1 73 1 8.7 333 210
3 1 101 2 10 5 999 1 8.7 333 210
3 1 101 2 11 5 999 1 8.7 333 210
3 1 101 2 12 5 999 1 8.7 333 210
3 1 102 2 1 2 108 1 8 333 264
3 1 102 2 2 2 110 1 8 333 264
3 1 102 2 3 2 106 1 8 333 264
3 1 102 2 4 1 117 1 8 333 264
397
1 3 1 102 2 5 1 119 1 8 333 264
1 3 1 102 2 6 1 63 1 8 333 264
1 3 1 102 2 7 1 63 1 8 333 264
1 3 1 102 2 8 1 65 1 8 333 264
1 3 1 103 2 1 2 86 1 7.9 333 260
1 3 1 103 2 2 2 86 1 7.9 333 260
1 3 1 103 2 3 2 95 1 7.9 333 260
1 3 1 103 2 4 2 122 1 7.9 333 260
1 3 1 103 2 5 1 83 1 7.9 333 260
1 3 1 103 2 6 1 74 1 7.9 333 260
1 3 1 103 2 7 1 76 1 7.9 333 260
1 3 1 103 2 8 1 74 1 7.9 333 260
1 3 1 103 2 9 1 71 1 7.9 333 260
1 3 1 104 1 1 2 88 0 333 333 140
1 3 1 104 1 2 5 999 0 333 333 140
1 3 1 200 2 1 5 999 1 7.8 333 166
1 3 1 200 2 2 5 999 1 7.8 333 166
1 3 1 200 2 3 1 90 1 7.8 333 166
1 3 1 200 2 4 1 68 1 7.8 333 166
1 3 1 200 2 5 1 81 1 7.8 333 166
1 3 1 200 2 6 1 78 1 7.8 333 166
1 3 1 200 2 7 1 78 1 7.8 333 166
1 3 1 200 2 8 1 75 1 7.8 333 166
1 3 1 200 2 9 1 88 1 7.8 333 166
1 3 1 200 2 10 1 68 1 7.8 333 166
1 3 1 201 1 1 2 77 1 8.1 333 274
1 3 1 201 1 2 2 92 1 8.1 333 274
1 3 1 201 1 3 5 999 1 8.1 333 274
1 3 1 201 1 4 5 999 1 8.1 333 274
1 3 1 201 1 5 5 999 1 8.1 333 274
1 3 1 202 2 1 5 999 1 8.4 333 206
1 3 1 202 2 2 5 999 1 8.4 333 206
1 3 1 202 2 3 1 101 1 8.4 333 206
1 3 1 202 2 4 1 98 1 8.4 333 206
1 3 1 202 2 5 1 67 1 8.4 333 206
1 3 1 203 2 1 2 106 1 8.6 333 278
1 3 1 203 2 2 2 92 1 8.6 333 278
1 3 1 203 2 3 2 102 1 8.6 333 278
1 3 1 203 2 4 1 75 1 8.6 333 278
1 3 1 203 2 5 1 92 1 8.6 333 278
1 3 1 203 2 6 1 85 1 8.6 333 278
1 3 1 203 2 7 1 102 1 8.6 333 278
1 3 1 203 2 8 1 88 1 8.6 333 278
1 3 1 203 2 9 5 999 1 8.6 333 278
1 3 1 203 2 10 5 999 1 8.6 333 278
1 3 1 203 2 11 1 78 1 8.6 333 278
1 3 1 204 2 1 5 999 1 8.7 333 297
1 3 1 204 2 2 2 117 1 8.7 333 297
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3 1 204 2 3 2 98 1 8.7 333 297
3 1 204 2 4 2 92 1 8.7 333 297
3 1 204 2 5 1 77 1 8.7 333 297
3 1 204 2 6 1 99 1 8.7 333 297
3 1 204 2 7 1 85 1 8.7 333 297
3 1 204 2 8 1 95 1 8.7 333 297
3 1 204 2 9 1 40 1 8.7 333 297
3 1 204 2 10 1 70 1 8.7 333 297
3 1 204 2 11 1 73 1 8.7 333 297
3 1 204 2 12 5 999 1 8.7 333 297
3 1 204 2 13 5 999 1 8.7 333 297
3 1 204 2 14 5 999 1 8.7 333 297
3 1 204 2 15 5 999 1 8.7 333 297
3 1 205 2 1 4 999 1 8 333 307
3 1 205 2 2 5 999 1 8 333 307
3 1 205 2 3 1 73 1 8 333 307
3 1 205 2 4 5 999 1 8 333 307
3 1 205 2 5 1 66 1 8 333 307
3 1 300 1 1 2 93 0 333 333 262
3 1 300 1 2 2 81 0 333 333 262
3 1 300 1 3 2 66 0 333 333 262
3 1 300 1 4 5 999 0 333 333 262
3 1 300 1 5 5 999 0 333 333 262
3 1 301 2 1 2 94 0 333 333 300
3 1 301 2 2 2 71 0 333 333 300
3 1 301 2 3 2 81 0 333 333 300
3 1 301 2 4 2 80 0 333 333 300
3 1 301 2 5 2 80 0 333 333 300
3 1 301 2 6 2 84 0 333 333 300
3 1 303 2 1 2 81 1 8.5 333 235
3 1 303 2 2 2 104 1 8.5 333 235
3 1 303 2 3 2 103 1 8.5 333 235
3 1 303 2 4 5 999 1 8.5 333 235
3 1 303 2 5 5 999 1 8.5 333 235
3 1 303 2 6 1 106 1 8.5 333 235
3 1 303 2 7 1 74 1 8.5 333 235
3 1 303 2 8 1 93 1 8.5 333 235
3 1 303 2 9 1 74 1 8.5 333 235
3 1 303 2 10 1 80 1 8.5 333 235
3 1 303 2 11 1 79 1 8.5 333 235
3 1 303 2 12 1 61 1 8.5 333 235
3 1 304 2 1 5 999 1 9 333 200
3 1 304 2 2 2 102 1 9 333 200
3 1 304 2 3 5 999 1 9 333 200
3 1 304 2 4 5 999 1 9 333 200
3 1 304 2 5 5 999 1 9 333 200
3 1 305 1 1 5 999 1 8.6 333 180
3 1 305 1 2 5 999 1 8.6 333 180
399
1 3 1 305 1 3
1 3 1 305 1 4
1 3 1 306 2 1
1 3 1 306 2 2
1 3 1 306 2 3
1 3 1 306 2 4
1 3 1 306 2 5
1 3 1 306 2 6
1 3 1 306 2 7
1 3 1 306 2 8
1 3 1 306 2 9
1 3 1 306 2 10
1 3 1 306 2 11
1 3 1 306 2 12
1 3 1 400 2 1
1 3 1 400 2 2
1 3 1 400 2 3
1 3 1 400 2 4
1 3 1 400 2 5
1 3 1 400 2 6
1 3 1 400 2 7
1 3 1 401 1 1
1 3 1 401 1 2
1 3 1 401 1 3
1 3 1 401 1 4
1 3 1 401 1 5
1 3 1 402 2 1
1 3 1 402 2 2
1 3 1 402 2 3
1 3 1 402 2 4
1 3 1 402 2 5
1 3 1 402 2 6
1 3 1 402 2 7
1 3 1 402 2 8
1 3 1 402 2 9
1 3 1 402 2 10
1 3 1 402 2 11
1 3 1 402 2 12
1 3 1 402 2 13
1 3 1 403 2 1
1 3 1 403 2 2
1 3 1 403 2 3
1 3 1 403 2 4
1 3 1 403 2 5
1 3 1 403 2 6
1 3 1 403 2 7
1 3 1 403 2 8
1 3 1 403 2 9
5 999 1 8.6 333 180
5 999 1 8.6 333 180
5 999 1 8.4 333 260
2 99 1 8.4 333 260
2 86 1 8.4 333 260
1 49 1 8.4 333 260
1 48 1 8.4 333 260
1 71 1 8.4 333 260
1 75 1 8.4 333 260
1 68 1 8.4 333 260
1 58 1 8.4 333 260
1 71 1 8.4 333 260
1 45 1 8.4 333 260
5 999 1 8.4 333 260
2 110 1 8.5 333 245
2 97 1 8.5 333 245
1 96 1 8.5 333 245
1 101 1 8.5 333 245
1 92 1 8.5 333 245
1 81 1 8.5 333 245
1 80 1 8.5 333 245
2 79 1 7.9 333 340
2 86 1 7.9 333 340
2 90 1 7.9 333 340
2 74 1 . 7.9 333 340
2 70 1 7.9 333 340
2 109 1 8.8 333 290
2 113 1 8.8 333 290
2 91 1 8.8 333 290
2 111 1 8.8 333 290
1 83 1 8.8 333 290
1 81 1 8.8 333 290
1 108 1 8.8 333 290
3 999 1 8.8 333 290
5 999 1 8.8 333 290
5 999 1 8.8 333 290
5 999 1 8.8 333 290
5 999 1 8.8 333 290
5 999 1 8.8 333 290
2 116 0 333 333 276
1 99 0 333 333 276
2 125 0 333 333 276
1 117 0 333 333 276
1 68 0 333 333 276
1 83 0 333 333 276
1 95 0 333 333 276
1 95 0 333 333 276
1 79 0 333 333 276
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3 1 403 2 10 1 90 0 333 333 276
3 1 403 2 11 1 78 0 333 333 276
3 1 403 2 12 1 74 0 333 333 276
3 1 403 2 13 5 999 0 333 333 276
3 1 403 2 14 5 999 0 333 333 276
3 1 404 2 1 2 83 1 8.8 333 275
3 1 404 2 2 2 86 1 8.8 333 275
3 1 404 2 3 3 999 1 8.8 333 275
3 1 404 2 4 3 999 1 8.8 333 275
3 1 404 2 5 5 999 1 8.8 333 275
3 1 404 2 6 5 999 1 8.8 333 275
3 1 405 2 1 2 123 1 8.3 333 284
3 1 405 2 2 2 123 1 8.3 333 284
3 1 405 2 3 2 102 1 8.3 333 284
3 1 405 2 4 2 111 1 8.3 333 284
3 1 405 2 5 1 84 1 8.3 333 284
3 1 405 2 6 1 66 1 8.3 333 284
3 1 405 2 7 1 75 1 8.3 333 284
3 1 405 2 8 1 75 1 8.3 333 284
3 1 405 2 9 1 91 1 8.3 333 284
3 1 405 2 10 1 69 1 8.3 333 284
3 1 405 2 11 1 54 1 8.3 333 284
3 1 406 1 1 2 107 1 9 333 205
3 1 406 1 2 2 86 1 9 333 205
3 1 406 1 3 2 94 1 9 333 205
3 1 406 1 4 5 999 1 9 333 205
3 1 407 1 1 3 999 1 8.5 333 236
3 1 407 1 2 3 999 1 8.5 333 236
3 1 407 1 3 3 999 1 8.5 333 236
3 1 407 1 4 5 999 1 8.5 333 236
3 1 407 1 5 5 999 1 8.5 333 236
3 1 407 1 6 5 999 1 8.5 333 236
3 1 408 2 1 2 80 0 333 333 231
3 1 408 2 2 2 84 0 333 333 231
3 1 408 2 3 2 56 0 333 333 231
3 1 409 2 1 2 86 1 7.7 333 253
3 1 409 2 2 2 90 1 7.7 333 253
3 1 409 2 3 1 58 1 7.7 333 253
3 1 409 2 4 5 999 1 7.7 333 253
3 1 409 2 5 5 999 1 7.7 333 253
3 1 410 2 1 5 999 0 333 333 188
3 1 411 1 1 2 104 0 333 333 194
3 1 411 1 1 2 95 0 333 333 194
3 1 412 2 1 5 999 0 333 333 276
3 1 412 2 2 2 75 0 333 333 276
3 1 412 2 3 2 91 0 333 333 276
3 1 412 2 4 1 78 0 333 333 276
3 1 412 2 5 5 999 0 333 333 276
401
1 3 1 413 2 1
1 3 1 413 2 2
1 3 1 413 2 3
1 3 1 413 2 4
1 3 1 413 2 5
1 3 1 413 2 6
1 3 1 413 2 7
1 3 1 413 2 8
1 3 1 413 2 9
1 3 1 413 2 10
1 3 1 413 2 11
1 3 1 414 2 1
1 3 1 414 2 2
1 3 1 414 2 3
1 3 1 414 2 4
1 3 1 414 2 5
1 3 1 414 2 6
1 3 1 414 2 7
1 3 1 415 2 0
1 3 1 501 2 0
1 3 1 502 2 0
1 3 1 503 2 0
1 3 1 505 2 0
1 3 1 507 2 0
1 3 1 508 2 0
1 3 1 509 2 0
1 3 1 510 2 0
1 3 1 514 2 0
1 3 1 516 2 0
1 3 1 517 2 1
1 3 1 517 2 2
1 3 1 517 2 3
1 3 1 517 2 4
1 3 1 517 2 5
1 3 1 518 2 0
1 3 1 519 2 0
1 3 1 521 2 0
1 3 1 523 2 0
1 3 1 524 2 0
1 3 1 525 2 0
1 3 1 526 1 0
1 3 1 528 2 0
1 3 1 531 2 0
1 3 1 604 2 1
1 3 1 604 2 2
1 4 1 1 2 1
1 4 1 1 2 2
1 4 1 1 2 3
2 106 1 8.5 333 244
2 117 1 8.5 333 244
2 110 1 8.5 333 244
1 114 1 8.5 333 244
1 80 1 8.5 333 244
1 92 1 8.5 333 244
1 94 1 8.5 333 244
1 75 1 8.5 333 244
1 78 1 8.5 333 244
1 72 1 8.5 333 244
1 75 1 8.5 333 244
2 96 1 8.4 333 236
2 109 1 8.4 333 236
2 109 1 8.4 333 236
2 129 1 8.4 333 236
1 99 1 8.4 333 236
1 103 1 8.4 333 236
1 63 1 8.4 333 236
5 999 0 333 333 261
5 999 0 333 333 191
5 999 0 333 333 204
5 999 0 333 333 197
5 999 0 333 333 190
5 999 0 333 333 120
5 999 0 333 333 250
5 999 0 333 333 293
5 999 0 333 333 140
5 999 0 333 333 180
5 999 0 333 333 291
2 107 1 8.8 333 218
2 88 1 8.8 333 218
1 89 1 8.8 333 218
1 82 1 8.8 333 218
5 999 1 8.8 333 218
5 999 0 333 333 217
5 999 0 333 333 190
5 999 0 333 333 175
5 999 0 333 333 252
5 999 0 333 333 154
5 999 0 333 333 224
5 999 0 333 333 90
5 999 0 333 333 320
5 999 0 333 333 65
2 96 1 8.4 333 200
2 99 1 8.4 333 200
2 100 1 8.4 333 187
2 99 1 8.4 333 187
2 98 1 8.4 333 187
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4 1 1 2 4 5 999 1 8.4 333 187
4 1 1 2 5 2 100 1 8.4 333 187
4 1 1 2 6 5 999 1 8.4 333 187
4 1 1 2 7 1 92 1 8.4 333 187
4 1 2 1 0 6 999 0 333 333 330
4 1 100 2 0 5 999 0 333 333 318
4 1 101 1 1 2 104 1 8.5 333 230
4 1 101 1 2 2 111 1 8.5 333 230
4 1 101 1 3 2 95 1 8.5 333 230
4 1 101 1 4 2 82 1 8.5 333 230
4 1 101 1 5 5 999 1 8.5 333 230
4 1 102 2 1 2 89 1 8.2 333 150
4 1 102 2 2 2 93 1 8.2 333 150
4 1 103 2 0 5 999 0 333 333 220
4 1 104 2 1 2 95 1 8.5 333 276
4 1 104 2 2 2 91 1 8.5 333 276
4 1 104 2 3 2 90 1 8.5 333 276
4 1 104 2 4 1 87 1 8.5 333 276
4 1 104 2 5 1 80 1 8.5 333 276
4 1 104 2 6 1 89 1 8.5 333 276
4 1 104 2 7 1 106 1 8.5 333 276
4 1 104 2 8 1 77 1 8.5 333 276
4 1 104 2 9 1 67 1 8.5 333 276
4 1 104 2 10 1 77 1 8.5 333 276
4 1 105 2 1 4 999 1 8.4 333 250
4 1 105 2 2 4 999 1 8.4 333 250
4 1 105 2 3 4 999 1 8.4 333 250
4 1 105 2 4 5 999 1 8.4 333 250
4 1 105 2 5 5 999 1 8.4 333 250
4 1 105 2 6 1 80 1 8.4 333 250
4 1 200 2 0 5 999 0 333 333 247
4 1 201 1 1 2 82 1 8.2 333 233
4 1 201 1 2 2 81 1 8.2 333 233
4 1 201 1 3 2 97 1 8.2 333 233
4 1 201 1 4 2 64 1 8.2 333 233
4 1 201 1 5 1 79 1 8.2 333 233
4 1 201 1 6 5 999 1 8.2 333 233
4 1 201 1 7 5 999 1 8.2 333 233
4 1 202 2 1 5 999 1 8.1 333 223
4 1 202 2 2 2 95 1 8.1 333 223
4 1 202 2 3 2 90 1 8.1 333 223
4 1 202 2 4 2 91 1 8.1 333 223
4 1 202 2 5 1 79 1 8.1 333 223
4 1 202 2 6 5 999 1 8.1 333 223
4 1 501 2 0 5 999 0 333 333 60
4 1 502 2 0 5 999 0 333 333 273
4 1 503 1 0 5 999 0 333 333 233
4 1 504 2 0 5 999 0 333 333 269
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
403
1 507 2 0 5 999 0 333 333 85
1 508 2 0 5 999 0 333 333 281
1 509 2 0 5 999 0 333 333 196
1 510 2 0 5 999 0 333 333 204
1 511 2 0 5 999 0 333 333 254
1 512 2 0 5 999 0 333 333 104
1 513 2 0 5 999 0 333 333 207
1 515 2 0 5 999 0 333 333 307
1 604 2 1 1 65 1 8.3 333 185
2 3 2 1 2 69 0 333 333 180
2 100 2 0 5 999 0 333 333 270
2 101 1 1 5 999 0 333 333 281
2 102 2 1 2 100 1 8.9 333 260
2 102 2 2 2 95 1 8.9 333 260
2 102 2 3 2 80 1 8.9 333 260
2 102 2 4 2 77 1 8.9 333 260
2 102 2 5 2 82 1 8.9 333 260
2 102 2 6 1 89 1 8.9 333 260
2 103 2 0 5 999 0 333 333 167
2 104 2 0 5 999 0 333 333 260
2 105 2 1 4 999 1 8.1 333 201
2 105 2 2 4 999 1 8.1 333 201
2 105 2 3 5 999 1 8.1 333 201
2 105 2 4 2 93 1 8.1 333 201
2 105 2 5 2 108 1 8.1 333 201
2 105 2 6 2 90 1 8.1 333 201
2 105 2 7 1 88 1 8.1 333 201
2 106 2 1 2 90 1 8.4 333 264
2 106 2 2 2 96 1 8.4 333 264
2 106 2 3 2 103 1 8.4 333 264
2 106 2 4 2 87 1 8.4 333 264
2 106 2 5 1 89 1 8.4 333 264
2 106 2 6 1 104 1 8.4 333 264
2 106 2 7 1 95 1 8.4 333 264
2 106 2 8 1 108 1 8.4 333 264
2 106 2 9 1 98 1 8.4 333 264
2 106 2 10 1 95 1 8.4 333 264
2 106 2 11 1 79 1 8.4 333 264
2 106 2 12 1 99 1 8.4 333 264
2 106 2 13 1 78 1 8.4 333 264
2 106 2 14 5 999 1 8.4 333 264
2 106 2 15 1 58 1 8.4 333 264
2 107 1 1 2 86 1 8.1 333 243
2 107 1 2 2 88 1 8.1 333 243
2 107 1 3 2 88 1 8.1 333 243
2 107 1 4 2 99 1 8.1 333 243
2 107 1 5 2 87 1 8.1 333 243
2 107 1 6 2 86 1 8.1 333 243
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4 2 501 2 1 5 999 0 333 333 276
4 2 501 2 2 5 999 0 333 333 276
4 2 502 2 0 5 999 0 333 333 242
4 2 504 2 0 5 999 0 333 333 146
4 2 505 2 0 5 999 0 333 333 280
4 2 506 2 0 5 999 0 333 333 283
4 2 507 2 0 5 999 0 333 333 125
4 2 508 2 0 5 999 0 333 333 147
4 2 509 2 0 5 999 0 333 333 252
4 2 510 1 0 5 999 0 333 333 50
4 2 511 2 0 5 999 0 333 333 150
4 2 512 2 0 5 999 0 333 333 131
4 3 200 2 1 2 101 1 8.3 333 245
4 3 200 2 2 2 97 1 8.3 333 245
4 3 200 2 3 2 100 1 8.3 333 245
4 3 200 2 4 1 115 1 8.3 333 245
4 3 200 2 5 1 98 1 8.3 333 245
4 3 200 2 6 1 90 1 8.3 333 245
4 3 200 2 7 1 64 1 8.3 333 245
4 3 200 2 8 1 68 1 8.3 333 245
4 3 200 2 9 1 91 1 8.3 333 245
4 3 200 2 10 1 76 1 8.3 333 245
4 3 200 2 11 1 83 1 8.3 333 245
4 3 200 2 12 5 999 1 8.3 333 245
4 3 200 2 13 1 67 1 8.3 333 245
4 3 201 2 0 5 999 1 8.4 333 123
4 3 202 2 1 4 999 1 8.4 333 288
4 3 202 2 2 5 999 1 8.4 333 288
4 3 202 2 3 5 999 1 8.4 333 288
4 3 202 2 4 1 64 1 8.4 333 288
4 3 202 2 5 1 59 1 8.4 333 288
4 3 202 2 6 5 999 1 8.4 333 288
4 3 202 2 7 5 999 1 8.4 333 288
4 3 203 2 1 2 97 0 333 333 268
4 3 203 2 2 2 93 0 333 333 268
4 3 203 2 3 2 98 0 333 333 268
4 3 203 2 4 1 76 0 333 333 268
4 3 203 2 5 1 86 0 333 333 268
4 3 203 2 6 1 102 0 333 333 268
4 3 203 2 7 1 89 0 333 333 268
4 3 203 2 8 1 73 0 333 333 268
4 3 203 2 9 1 79 0 333 333 268
4 3 204 2 1 4 999 2 8.4 8.5 330
4 3 204 2 2 4 999 2 8.4 8.5 330
4 3 204 2 3 4 999 2 8.4 8.5 330
4 3 204 2 4 1 91 2 8.4 8.5 330
4 3 204 2 5 1 69 2 8.4 8.5 330
4 3 204 2 6 1 67 2 8.4 8.5 330
405
1 4 3 205 1 1 5 999 1 8 333 113
1 4 3 205 1 2 2 97 1 8 333 113
1 4 3 205 1 3 1 105 1 8 333 113
1 4 3 205 1 4 1 112 1 8 333 113
1 4 3 205 1 5 1 64 1 8 333 113
1 4 3 206 1 1 4 999 1 9 333 331
1 4 3 206 1 2 2 63 1 9 333 331
1 4 3 206 1 3 5 999 1 9 333 331
1 4 3 206 1 4 1 100 1 9 333 331
1 4 3 206 1 5 5 999 1 9 333 331
1 4 3 206 1 6 5 999 1 9 333 331
1 4 3 207 2 0 5 999 0 333 333 218
1 4 3 208 2 1 2 79 1 7.8 333 205
1 4 3 208 2 2 2 80 1 7.8 333 205
1 4 3 208 2 3 5 999 1 7.8 333 205
1 4 3 208 2 4 2 71 1 7.8 333 205
1 4 3 208 2 5 3 999 1 7.8 333 205
1 4 3 209 2 0 5 999 0 333 333 230
1 4 3 500 2 0 5 999 0 333 333 164
1 4 3 501 2 0 5 999 0 333 333 241
1 4 3 502 2 0 5 999 0 333 333 245
1 4 3 503 2 0 5 999 0 333 333 142
1 4 3 504 1 0 5 999 0 333 333 246
1 4 3 505 2 0 5 999 0 333 333 200
1 4 3 506 2 0 5 999 0 333 333 215
1 4 3 507 2 0 5 999 0 333 333 210
1 4 3 508 2 0 5 999 0 333 333 400
1 4 3 509 1 0 5 999 0 333 333 380
1 4 3 510 2 0 5 999 0 333 333 241
1 4 3 513 2 1 5 999 0 333 333 210
1 4 3 513 2 2 5 999 0 333 333 210
1 4 3 514 2 0 5 999 0 333 333 115
2 5 1 1 2 1 5 999 1 7.6 333 215
2 5 1 1 2 2 5 999 1 7.6 333 215
2 5 1 1 2 3 1 93 1 7.6 333 215
2 5 1 1 2 4 1 117 1 7.6 333 215
2 5 1 1 2 5 1 88 1 7.6 333 215
2 5 1 1 2 6 1 123 1 7.6 333 215
2 5 1 1 2 7 1 94 1 7.6 333 215
2 5 1 1 2 8 3 999 1 7.6 333 215
2 5 1 1 2 9 1 94 1 7.6 333 215
2 5 1 1 2 10 1 89 1 7.6 333 215
2 5 1 1 2 11 1 89 1 7.6 333 215
2 5 1 1 2 12 1 87 1 7.6 333 215
2 5 1 1 2 13 5 999 1 7.6 333 215
5 1 2 2 1 4 999 1 7.6 333 286
5 1 2 2 2 5 999 1 7.6 333 286
5 1 2 2 3 5 999 1 7.6 333 286
2
2
2
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
1 2 2 4 5 999 1 7.6 333 286
1 2 2 5 5 999 1 7.6 333 286
1 2 2 6 5 999 1 7.6 333 286
1 4 2 1 2 89 1 8.8 333 274
1 4 2 2 2 109 1 8.8 333 274
1 4 2 3 2 90 1 8.8 333 274
1 4 2 4 1 98 1 8.8 333 274
1 4 2 5 1 105 1 8.8 333 274
1 4 2 6 1 90 1 8.8 333 274
1 4 2 7 1 97 1 8.8 333 274
1 4 2 8 1 91 1 8.8 333 274
1 4 2 9 1 98 1 8.8 333 274
1 4 2 10 1 95 1 8.8 333 274
1 4 2 11 1 88 1 8.8 333 274
1 100 1 1 2 93 1 8.5 333 205
1 100 1 2 2 81 1 8.5 333 205
1 100 1 3 3 999 1 8.5 333 205
1 100 1 4 5 999 1 8.5 333 205
1 101 1 1 2 70 0 333 333 188
1 101 1 2 2 99 0 333 333 188
1 101 1 3 1 99 0 333 333 188
1 101 1 4 1 100 0 333 333 188
1 101 1 5 1 101 0 333 333 188
1 101 1 6 1 102 0 333 333 188
1 101 1 7 1 80 0 333 333 188
1 101 1 8 5 999 0 333 333 188
1 102 2 1 2 86 1 8.2 333 198
1 102 2 2 2 103 1 8.2 333 198
1 102 2 3 1 77 1 8.2 333 198
1 102 2 4 1 96 1 8.2 333 198
1 102 2 5 1 89 1 8.2 333 198
1 102 2 6 1 81 1 8.2 333 198
1 102 2 7 1 94 1 8.2 333 198
1 102 2 8 1 95 1 8.2 333 198
1 102 2 9 1 103 1 8.2 333 198
1 102 2 10 5 999 1 8.2 333 198
1 102 2 11 1 103 1 8.2 333 198
1 102 2 12 5 999 1 8.2 333 198
1 102 2 13 5 999 1 8.2 333 198
1 103 2 1 5 999 1 8.5 333 275
1 103 2 2 5 999 1 8.5 333 275
1 103 2 3 1 98 1 8.5 333 275
1 103 2 4 2 105 1 8.5 333 275
1 103 2 5 1 103 1 8.5 333 275
1 103 2 6 1 118 1 8.5 333 275
1 103 2 7 1 90 1 8.5 333 275
1 103 2 8 1 117 1 8.5 333 275
1 103 2 9 1 108 1 8.5 333 275
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
407
5 1 103 2 10 1 106 1 8.5 333 275
5 1 103 2 11 1 106 1 8.5 333 275
5 1 103 2 12 1 97 1 8.5 333 275
5 1 103 2 13 5 999 1 8.5 333 275
5 1 104 1 1 2 84 1 8 333 255
5 1 104 1 2 2 92 1 8 333 255
5 1 104 1 3 2 104 1 8 333 255
5 1 104 1 4 1 79 1 8 333 255
5 1 104 1 5 1 88 1 8 333 255
5 1 104 1 6 1 85 1 8 333 255
5 1 105 2 1 2 89 1 8.4 333 198
5 1 105 2 2 2 86 1 8.4 333 198
5 1 105 2 3 2 87 1 8.4 333 198
5 1 106 1 1 4 999 1 8.5 333 200
5 1 106 1 2 5 999 1 8.5 333 200
5 1 106 1 3 1 75 1 8.5 333 200
5 1 106 1 4 1 86 1 8.5 333 200
5 1 106 1 5 1 110 1 8.5 333 200
5 1 106 1 6 1 98 1 8.5 333 200
5 1 106 1 7 1 104 1 8.5 333 200
5 1 106 1 8 1 102 1 8.5 333 200
5 1 106 1 9 1 79 1 8.5 333 200
5 1 106 1 10 5 999 1 8.5 333 200
5 1 106 1 11 5 999 1 8.5 333 200
5 1 107 2 1 4 999 1 8.9 333 373
5 1 107 2 2 4 999 1 8.9 333 373
5 1 107 2 3 4 999 1 8.9 333 373
5 1 107 2 4 2 36 1 8.9 333 373
5 1 107 2 5 2 91 1 8.9 333 373
5 1 107 2 6 2 97 1 8.9 333 373
5 1 108 2 1 2 113 1 8 333 225
5 1 108 2 2 2 113 1 8 333 225
5 1 108 2 3 2 99 1 8 333 225
5 1 108 2 4 1 89 1 8 333 225
5 1 108 2 5 5 999 1 8 333 225
5 1 108 2 6 5 999 1 8 333 225
5 1 108 2 7 5 999 1 8 333 225
5 1 109 2 1 2 101 2 7.7 8.3 210
5 1 109 2 2 2 104 2 7.7 8.3 210
5 1 109 2 3 2 122 2 7.7 8.3 210
5 1 109 2 4 2 95 2 7.7 8.3 210
5 1 109 2 5 1 104 2 7.7 8.3 210
5 1 109 2 6 1 87 2 7.7 8.3 210
5 1 109 2 7 5 999 2 7.7 8.3 210
5 1 109 2 8 5 999 2 7.7 8.3 210
5 1 109 2 9 5 999 2 7.7 8.3 210
5 1 109 2 10 5 999 2 7.7 8.3 210
5 1 109 2 11 5 999 2 7.7 8.3 210
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
1 109 2 12 5 999 2 7.7 8.3 210
1 110 2 1 2 117 1 8.1 333 258
1 110 2 2 2 108 1 8.1 333 258
1 110 2 3 1 110 1 8.1 333 258
1 110 2 4 2 107 1 8.1 333 258
1 110 2 5 1 90 1 8.1 333 258
1 110 2 6 1 104 1 8.1 333 258
1 110 2 7 1 101 1 8.1 333 258
1 110 2 8 1 73 1 8.1 333 258
1 110 2 9 1 68 1 8.1 333 258
1 110 2 10 1 66 1 8.1 333 258
1 110 2 11 1 91 1 8.1 333 258
1 110 2 12 1 68 1 8.1 333 258
1 110 2 13 1 75 1 8.1 333 258
1 110 2 14 1 83 1 8.1 333 258
1 111 2 1 2 109 2 8.9 8.2 335
1 111 2 2 2 122 2 8.9 8.2 335
1 111 2 3 2 117 2 8.9 8.2 335
1 111 2 4 2 114 2 8.9 8.2 335
1 111 2 5 1 94 2 8.9 8.2 335
1 111 2 6 1 88 2 8.9 8.2 335
1 111 2 7 1 78 2 8.9 8.2 335
1 111 2 8 1 82 2 8.9 8.2 335
1 111 2 9 1 103 2 8.9 8.2 335
1 111 2 10 1 102 2 8.9 8.2 335
1 111 2 11 1 81 2 8.9 8.2 335
1 111 2 12 1 98 2 8.9 8.2 335
1 111 2 13 1 86 2 8.9 8.2 335
1 111 2 14 1 98 2 8.9 8.2 335
1 111 2 15 5 999 2 8.9 8.2 335
1 111 2 16 1 83 2 8.9 8.2 335
1 111 2 17 5 999 2 8.9 8.2 335
1 200 1 1 2 78 1 8 333 184
1 200 1 2 2 95 1 8 333 184
1 200 1 3 2 108 1 8 333 184
1 200 1 4 2 95 1 8 333 184
1 201 2 1 4 999 1 8.3 333 305
1 201 2 2 5 999 1 8.3 333 305
1 201 2 3 5 999 1 8.3 333 305
1 201 2 4 5 999 1 8.3 333 305
1 201 2 5 5 999 1 8.3 333 305
1 201 2 6 1 62 1 8.3 333 305
1 201 2 7 1 82 1 8.3 333 305
1 201 2 8 1 93 1 8.3 333 305
1 201 2 9 1 100 1 8.3 333 305
1 201 2 10 1 89 1 8.3 333 305
1 201 2 11 1 84 1 8.3 333 305
1 201 2 12 1 68 1 8.3 333 305
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
409
5 1 201 2 13 1 56 1 8.3 333 305
5 1 201 2 14 3 999 1 8.3 333 305
5 1 201 2 15 5 999 1 8.3 333 305
5 1 202 2 1 5 999 1 7.7 333 200
5 1 202 2 2 1 104 1 7.7 333 200
5 1 202 2 3 1 106 1 7.7 333 200
5 1 202 2 4 1 109 1 7.7 333 200
5 1 202 2 5 1 95 1 7.7 333 200
5 1 202 2 6 1 90 1 7.7 333 200
5 1 202 2 7 1 83 1 7.7 333 200
5 1 202 2 8 5 999 1 7.7 333 200
5 1 203 1 1 2 86 1 8.2 333 220
5 1 203 1 2 2 84 1 8.2 333 220
5 1 203 1 3 2 90 1 8.2 333 220
5 1 203 1 4 5 999 1 8.2 333 220
5 1 203 1 5 5 999 1 8.2 333 220
5 1 204 1 1 2 108 1 8.2 333 246
5 1 204 1 2 2 98 1 8.2 333 246
5 1 204 1 3 2 81 1 8.2 333 246
5 1 204 1 4 1 91 1 8.2 333 246
5 1 204 1 5 1 118 1 8.2 333 246
5 1 204 1 6 1 108 1 8.2 333 246
5 1 204 1 7 1 117 1 8.2 333 246
5 1 204 1 8 1 109 1 8.2 333 246
5 1 204 1 9 1 107 1 8.2 333 246
5 1 204 1 10 1 82 1 8.2 333 246
5 1 205 1 1 2 96 1 8.5 333 234
5 1 205 1 2 2 96 1 8.5 333 234
5 1 205 1 3 2 105 1 8.5 333 234
5 1 205 1 4 2 96 1 8.5 333 234
5 1 206 2 1 4 999 1 8 333 220
5 1 206 2 2 5 999 1 8 333 220
5 1 206 2 3 2 110 1 8 333 220
5 1 206 2 4 5 999 1 8 333 220
5 1 206 2 5 3 999 1 8 333 220
5 1 207 1 1 4 999 1 8.5 333 226
5 1 207 1 2 5 999 1 8.5 333 226
5 1 207 1 3 5 999 1 8.5 333 226
5 1 208 2 1 5 999 1 8.4 333 272
5 1 208 2 2 5 999 1 8.4 333 272
5 1 208 2 3 2 88 1 8.4 333 272
5 1 208 2 4 1 89 1 8.4 333 272
5 1 208 2 5 1 81 1 8.4 333 272
5 1 208 2 6 1 84 1 8.4 333 272
5 1 208 2 7 1 74 1 8.4 333 272
5 1 208 2 8 1 83 1 8.4 333 272
5 1 208 2 9 1 87 1 8.4 333 272
5 1 208 2 10 1 60 1 8.4 333 272
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1 208 2 11 1 60 1 8.4 333 272
1 209 2 1 4 999 1 8.5 333 261
1 209 2 2 5 999 1 8.5 333 261
1 209 2 3 1 75 1 8.5 333 261
1 209 2 4 1 69 1 8.5 333 261
5 1 209 2 5 1 62 1 8.5 333 261
5 1 209 2 6 1 71 1 8.5 333 261
5 1 209 2 7 1 89 1 8.5 333 261
5 1 209 2 8 1 92 1 8.5 333 261
5 1 209 2 9 5 999 1 8.5 333 261
5 1 210 2 1 4 999 1 8.7 333 273
5 1 210 2 2 4 999 1 8.7 333 273
5 1 210 2 3 5 999 1 8.7 333 273
5 1 210 2 4 5 999 1 8.7 333 273
5 1 210 2 5 5 999 1 8.7 333 273
5 1 210 2 6 5 999 1 8.7 333 273
5 1 210 2 7 5 999 1 8.7 333 273
5 1 210 2 8 5 999 1 8.7 333 273
5 1 210 2 9 5 999 1 8.7 333 273
5 1 210 2 10 5 999 1 8.7 333 273
5 1 210 2 11 5 999 1 8.7 333 273
5 1 210 2 12 1 22 1 8.7 333 273
5 1 211 2 1 4 999 1 8.9 333 252
5 1 211 2 2 4 999 1 8.9 333 252
5 1 211 2 3 4 999 1 8.9 333 252
5 1 211 2 4 5 999 1 8.9 333 252
5 1 211 2 5 5 999 1 8.9 333 252
5 1 211 2 6 1 97 1 8.9 333 252
5 1 211 2 7 1 75 1 8.9 333 252
5 1 211 2 8 1 89 1 8.9 333 252
5 1 212 2 0 5 999 0 333 333 181
5 1 214 1 1 1 77 1 7.6 333 222
5 1 214 1 2 5 999 1 7.6 333 222
5 1 214 1 3 5 999 1 7.6 333 222
5 1 215 2 1 4 999 1 7.7 333 243
5 1 215 2 2 5 999 1 7.7 333 243
5 1 215 2 3 5 999 1 7.7 333 243
5 1 215 2 4 5 999 1 7.7 333 243
5 1 216 2 1 2 92 1 8.4 333 234
5 1 216 2 2 2 94 1 8.4 333 234
5 1 216 2 3 2 90 1 8.4 333 234
5 1 216 2 4 2 99 1 8.4 333 234
5 1 216 2 5 1 94 1 8.4 333 234
5 1 217 1 1 5 999 1 8.9 333 190
5 1 217 1 2 2 67 1 8.9 333 190
5 1 217 1 3 2 94 1 8.9 333 190
5 1 217 1 4 5 999 1 8.9 333 190
5 1 217 1 5 5 999 1 8.9 333 190
411
2 5 1 218 2 1 5 999 1 8.3 333 301
2 5 1 218 2 2 3 999 1 8.3 333 301
2 5 1 218 2 3 2 106 1 8.3 333 301
2 5 1 218 2 4 1 95 1 8.3 333 301
2 5 1 218 2 5 5 999 1 8.3 333 301
2 5 1 219 2 0 5 999 0 333 333 268
2 5 1 220 1 1 2 82 1 7.8 333 230
2 5 1 220 1 2 2 72 1 7.8 333 230
2 5 1 220 1 3 2 90 1 7.8 333 230
2 5 1 220 1 4 2 90 1 7.8 333 230
2 5 1 220 1 5 2 74 1 7.8 333 230
2 5 1 221 2 1 2 91 1 8.3 333 229
2 5 1 221 2 2 2 95 1 8.3 333 229
2 5 1 221 2 3 2 74 1 8.3 333 229
2 5 1 221 2 4 2 65 1 8.3 333 229
2 5 1 221 2 5 5 999 1 8.3 333 229
2 5 1 221 2 6 5 999 1 8.3 333 229
2 5 1 222 2 1 2 117 2 7.3 8.8 305
2 5 1 222 2 2 2 103 2 7.3 8.8 305
2 5 1 222 2 3 2 90 2 7.3 8.8 305
2 5 1 222 2 4 1 92 2 7.3 8.8 305
2 5 1 222 2 5 1 71 2 7.3 8.8 305
2 5 1 222 2 6 5 999 2 7.3 8.8 305
2 5 1 222 2 7 1 94 2 7.3 8.8 305
2 5 1 222 2 8 1 105 2 7.3 8.8 305
2 5 1 222 2 9 1 90 2 7.3 8.8 305
2 5 1 222 2 10 1 98 2 7.3 8.8 305
2 5 1 222 2 11 1 100 2 7.3 8.8 305
2 5 1 222 2 12 1 65 2 7.3 8.8 305
2 5 1 222 2 13 5 999 2 7.3 8.8 305
2 5 1 222 2 14 5 999 2 7.3 8.8 305
2 5 1 222 2 15 5 999 2 7.3 8.8 305
2 5 1 222 2 16 5 999 2 7.3 8.8 305
2 5 1 300 2 1 2 95 0 333 333 225
2 5 1 300 2 2 2 93 0 333 333 225
2 5 1 300 2 3 2 87 0 333 333 225
2 5 1 300 2 4 2 77 0 333 333 225
2 5 1 301 1 1 2 82 1 7.6 333 153
2 5 1 301 1 2 2 86 1 7.6 333 153
2 5 1 301 1 3 2 78 1 7.6 333 153
2 5 1 302 2 1 2 79 1 7.6 333 157
2 5 1 302 2 2 2 76 1 7.6 333 157
2 5 1 302 2 3 5 999 1 7.6 333 157
2 5 1 302 2 4 2 76 1 7.6 333 157
2 5 1 303 1 1 2 93 1 8.4 333 286
2 5 1 303 1 2 2 101 1 8.4 333 286
2 5 1 303 1 3 2 100 1 8.4 333 286
2 5 1 303 1 4 5 999 1 8.4 333 286
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
5 1 303 1 5 5 999 1 8.4 333 286
5 1 303 1 6 5 999 1 8.4 333 286
5 1 304 2 1 2 79 1 8.5 333 242
5 1 304 2 2 2 59 1 8.5 333 242
5 1 304 2 3 2 89 1 8.5 333 242
5 1 304 2 4 1 80 1 8.5 333 242
5 1 305 1 1 2 90 1 8 333 200
5 1 305 1 2 2 67 1 8 333 200
5 1 305 1 3 2 93 1 8 333 200
5 1 305 1 4 2 85 1 8 333 200
5 1 305 1 5 5 999 1 8 333 200
5 1 306 2 1 2 102 1 7.9 333 273
5 1 306 2 2 2 120 1 7.9 333 273
5 1 306 2 3 2 89 1 7.9 333 273
5 1 306 2 4 1 121 1 7.9 333 273
5 1 306 2 5 1 98 1 7.9 333 273
5 1 306 2 6 1 98 1 7.9 333 273
5 1 306 2 7 1 75 1 7.9 333 273
5 1 306 2 8 1 87 1 7.9 333 273
5 1 306 2 9 1 70 1 7.9 333 273
5 1 306 2 10 1 59 1 7.9 333 273
5 1 307 2 1 5 999 1 8 333 313
5 1 307 2 2 5 999 1 8 333 313
5 1 307 2 3 5 999 1 8 333 313
5 1 307 2 4 5 999 1 8 333 313
5 1 307 2 5 5 999 1 8 333 313
5 1 307 2 6 5 999 1 8 333 313
5 1 307 2 7 1 116 1 8 333 313
5 1 307 2 8 5 999 1 8 333 313
5 1 500 2 0 5 999 0 333 333 262
5 1 503 2 0 5 999 0 333 333 118
5 1 504 2 1 5 999 0 333 333 251
5 1 505 1 0 5 999 0 333 333 229
5 1 510 2 0 5 999 0 333 333 185
5 1 511 2 0 5 999 0 333 333 297
5 1 512 2 0 5 999 0 333 333 228
5 1 513 2 0 5 999 0 333 333 263
5 1 515 2 0 5 999 0 333 333 243
5 1 516 2 0 5 999 0 333 333 280
5 1 517 2 0 5 999 0 333 333 517
5 1 518 2 0 5 999 0 333 333 222
5 1 519 2 0 5 999 0 333 333 90
5 1 520 2 0 5 999 0 333 333 22
5 1 521 2 0 5 999 0 333 333 70
5 1 522 2 0 5 999 0 333 333 251
5 1 523 2 0 5 999 0 333 333 200
5 1 524 2 0 5 999 0 333 333 61
5 1 525 2 0 5 999 0 333 333 272
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
335
261
210
176
240
193
193
193
193
193
226
226
226
226
226
226
226
226
226
210
210
210
220
220
220
220
220
203
203
203
203
195
195
195
195
224
224
224
224
205
205
205
205
214
214
214
214
214
5 1 527 2 0 5 999 0 333 333
5 1 528 2 0 5 999 0 333 333
5 1 529 2 0 5 999 0 333 333
5 1 530 2 0 5 999 0 333 333
5 1 531 2 0 5 999 0 333 333
6 1 1 2 1 5 999 0 333 333
6 1 1 2 2 1 33 0 333 333
6 1 1 2 3 1 49 0 333 333
6 1 1 2 4 1 58 0 333 333
6 1 1 2 5 1 54 0 333 333
6 1 2 2 1 4 999 0 333 333
6 1 2 2 2 4 999 0 333 333
6 1 2 2 3 5 999 0 333 333
6 1 2 2 4 5 999 0 333 333
6 1 2 2 5 5 999 0 333 333
6 1 2 2 6 5 999 0 333 333
6 1 2 2 7 5 999 0 333 333
6 1 2 2 8 5 999 0 333 333
6 1 2 2 9 5 999 0 333 333
6 1 3 2 1 2 84 1 8.1 333
6 1 3 2 2 3 999 1 8.1 333
6 1 3 2 3 5 999 1 8.1 333
6 1 100 2 1 5 999 0 333 333
6 1 100 2 2 4 999 0 333 333
6 1 100 2 3 5 999 0 333 333
6 1 100 2 4 2 80 0 333 333
6 1 100 2 5 2 77 0 333 333
6 1 101 1 1 5 999 1 8 333
6 1 101 1 2 5 999 1 8 333
6 1 101 1 3 2 93 1 8 333
6 1 101 1 4 5 999 1 8 333
6 1 102 1 1 2 97 1 8.3 333
6 1 102 1 2 2 101 1 8.3 333
6 1 102 1 3 5 999 1 8.3 333
6 1 102 1 4 5 999 1 8.3 333
6 1 103 1 1 2 99 1 7.9 333
6 1 103 1 2 2 98 1 7.9 333
6 1 103 1 3 2 69 1 7.9 333
6 1 103 1 4 2 79 1 7.9 333
6 1 104 1 1 4 999 1 8 333
6 1 104 1 2 5 999 1 8 333
6 1 104 1 3 5 999 1 8 333
6 1 104 1 4 5 999 1 8 333
6 1 105 1 1 2 85 1 8.5 333
6 1 105 1 2 2 78 1 8.5 333
6 1 105 1 3 2 91 1 8.5 333
6 1 105 1 4 2 70 1 8.5 333
6 1 105 1 5 5 999 1 8.5 333
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
6 1 105 1 6 5 999 1 8.5 333 214
6 1 106 2 1 5 999 1 8.2 333 284
6 1 106 2 2 4 999 1 8.2 333 284
6 1 106 2 3 5 999 1 8.2 333 284
6 1 106 2 4 5 999 1 8.2 333 284
6 1 106 2 5 5 999 1 8.2 333 284
6 1 106 2 6 5 999 1 8.2 333 284
6 1 106 2 7 3 999 1 8.2 333 284
6 1 106 2 8 3 999 1 8.2 333 284
6 1 106 2 9 1 85 1 8.2 333 284
6 1 106 2 10 1 87 1 8.2 333 284
6 1 106 2 11 1 61 1 8.2 333 284
6 1 106 2 12 1 67 1 8.2 333 284
6 1 106 2 13 1 53 1 8.2 333 284
6 1 200 2 1 4 999 1 8.6 333 203
6 1 200 2 2 4 999 1 8.6 333 203
6 1 200 2 3 5 999 1 8.6 333 203
6 1 200 2 4 1 102 1 8.6 333 203
6 1 200 2 5 1 92 1 8.6 333 203
6 1 200 2 6 1 91 1 8.6 333 203
6 1 200 2 7 1 96 1 8.6 333 203
6 1 200 2 8 1 79 1 8.6 333 203
6 1 201 2 1 4 999 1 8.4 333 211
6 1 201 2 2 2 82 1 8.4 333 211
6 1 201 2 3 1 76 1 8.4 333 211
6 1 201 2 4 1 71 1 8.4 333 211
6 1 201 2 5 1 93 1 8.4 333 211
6 1 201 2 6 5 999 1 8.4 333 211
6 1 202 1 1 2 84 1 7.9 333 238
6 1 202 1 2 2 85 1 7.9 333 238
6 1 202 1 3 2 85 1 7.9 333 238
6 1 202 1 4 2 75 1 7.9 333 238
6 1 203 1 1 2 75 1 8 333 184
6 1 203 1 2 5 999 1 8 333 184
6 1 203 1 3 2 66 1 8 333 184
6 1 203 1 4 5 999 1 8 333 184
6 1 501 2 0 5 999 0 333 333 243
6 1 506 2 0 5 999 0 333 333 230
6 1 509 2 0 5 999 0 333 333 70
6 1 600 2 1 4 999 1 8.3 333 275
6 1 600 2 2 1 90 1 8.3 333 275
6 1 600 2 3 1 71 1 8.3 333 275
6 1 600 2 4 1 97 1 8.3 333 275
6 1 600 2 5 1 95 1 8.3 333 275
6 1 600 2 6 1 69 1 8.3 333 275
6 1 600 2 7 1 77 1 8.3 333 275
6 1 600 2 8 1 67 1 8.3 333 275
6 1 600 2 9 1 60 1 8.3 333 275
415
2 6 2 1 2 1 2 84 1 8 333 218
2 6 2 1 2 2 2 86 1 8 333 218
2 6 2 1 2 3 1 86 1 8 333 218
2 6 2 1 2 4 1 83 1 8 333 218
2 6 2 1 2 5 1 79 1 8 333 218
2 6 2 200 2 1 5 999 1 8.4 333 186
2 6 2 200 2 2 5 999 1 8.4 333 186
2 6 2 200 2 3 5 999 1 8.4 333 186
2 6 2 200 2 4 5 999 1 8.4 333 186
2 6 2 200 2 5 1 76 1 8.4 333 186
2 6 2 201 1 0 5 999 1 8 333 148
2 6 2 202 1 1 2 42 1 7.3 333 220
2 6 2 202 1 2 3 999 1 7.3 333 220
2 6 2 202 1 3 5 999 1 7.3 333 220
2 6 2 202 1 4 3 999 1 7.3 333 220
2 6 2 203 2 1 2 99 0 333 333 250
2 6 2 203 2 2 2 86 0 333 333 250
2 6 2 203 2 3 5 999 0 333 333 250
2 6 2 203 2 4 2 75 0 333 333 250
2 6 2 203 2 5 1 91 0 333 333 250
2 6 2 203 2 6 1 84 0 333 333 250
2 6 2 203 2 7 5 999 0 333 333 250
2 6 2 203 2 8 5 999 0 333 333 250
2 6 2 203 2 9 5 999 0 333 333 250
2 6 2 203 2 10 5 999 0 333 333 250
2 6 2 203 2 11 5 999 0 333 333 250
2 6 2 203 2 12 5 999 0 333 333 250
2 6 2 204 1 1 2 89 1 8.2 333 264
2 6 2 204 1 2 2 84 1 8.2 333 264
2 6 2 204 1 3 2 83 1 8.2 333 264
2 6 2 204 1 4 2 80 1 8.2 333 264
2 6 2 204 1 5 2 76 1 8.2 333 264
2 6 2 204 1 6 1 73 1 8.2 333 264
2 6 2 205 1 1 2 78 1 8 333 288
2 6 2 205 1 2 2 81 1 8 333 288
2 6 2 205 1 3 2 79 1 8 333 288
2 6 2 205 1 4 2 72 1 8 333 288
2 6 2 205 1 5 5 999 1 8 333 288
2 6 2 205 1 6 5 999 1 8 333 288
2 6 2 206 2 1 4 999 1 8.4 333 263
2 6 2 206 2 2 5 999 1 8.4 333 263
2 6 2 206 2 3 4 999 1 8.4 333 263
2 6 2 206 2 4 5 999 1 8.4 333 263
2 6 2 206 2 5 1 30 1 8.4 333 263
2 6 2 206 2 6 1 31 1 8.4 333 263
2 6 2 207 1 1 2 88 1 8.3 333 202
2 6 2 207 1 2 2 83 1 8.3 333 202
2 6 2 207 1 3 2 98 1 8.3 333 202
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
6 2 207 1 4 1 70 1 8.3 333 202
6 2 208 1 1 5 999 1 8 333 160
6 2 208 1 2 5 999 1 8 333 160
6 2 208 1 3 5 999 1 8 333 160
6 2 208 1 4 5 999 1 8 333 160
6 2 209 1 1 4 999 1 8.3 333 265
6 2 209 1 2 5 999 1 8.3 333 265
6 2 209 1 3 2 97 1 8.3 333 265
6 2 209 1 4 2 83 1 8.3 333 265
6 2 209 1 5 2 95 1 8.3 333 265
6 2 209 1 6 1 76 1 8.3 333 265
6 2 210 1 1 4 999 1 8.1 333 163
6 2 210 1 2 2 67 1 8.1 333 163
6 2 210 1 3 2 64 1 8.1 333 163
6 2 211 2 1 2 85 1 8.6 333 227
6 2 211 2 2 2 84 1 8.6 333 227
6 2 211 2 3 2 84 1 8.6 333 227
6 2 211 2 4 1 70 1 8.6 333 227
6 2 211 2 5 1 58 1 8.6 333 227
6 2 211 2 6 1 51 1 8.6 333 227
6 2 211 2 7 1 47 1 8.6 333 227
6 2 211 2 8 1 58 1 8.6 333 227
6 2 211 2 9 5 999 1 8.6 333 227
6 2 212 1 1 2 72 1 7.8 333 137
6 2 212 1 2 2 70 1 7.8 333 137
6 2 212 1 3 3 999 ’ 1 7.8 333 137
6 2 213 2 0 5 999 0 333 333 186
6 2 500 2 0 5 999 0 333 333 287
6 2 501 2 0 5 999 0 333 333 246
6 2 502 2 0 5 999 0 333 333 303
6 2 503 1 0 5 999 0 333 333 120
6 2 505 2 0 5 999 0 333 333 223
6 2 506 2 0 5 999 0 333 333 108
6 2 507 2 0 5 999 0 333 333 181
6 2 508 2 0 5 999 0 333 333 261
6 2 509 2 0 5 999 0 333 333 152
6 2 510 2 0 5 999 0 333 333 61
6 2 511 2 0 5 999 0 333 333 76
6 2 512 2 0 5 999 0 333 333 273
6 2 513 2 0 5 999 0 333 333 160
6 2 515 2 0 5 999 0 333 333 40
6 3 100 2 1 4 999 1 8.6 333 270
6 3 100 2 2 4 999 1 8.6 333 270
6 3 100 2 3 2 83 1 8.6 333 270
6 3 100 2 4 5 999 1 8.6 333 270
6 3 101 1 1 2 77 1 8.1 333 223
6 3 101 1 2 2 92 1 8.1 333 223
6 3 101 1 3 2 85 1 8.1 333 223
427
2 6 3 101 1 4 1 60 1 8.1 333 223
2 6 3 101 1 5 1 63 1 8.1 333 223
2 6 3 101 1 6 1 60 1 8.1 333 223
2 6 3 101 1 7 1 71 1 8.1 333 223
2 6 3 101 1 8 1 71 1 8.1 333 223
2 6 3 101 1 9 1 77 1 8.1 333 223
2 6 3 101 1 10 1 61 1 8.1 333 223
2 6 3 101 1 11 1 59 1 8.1 333 223
2 6 3 101 1 12 1 39 1 8.1 333 223
2 6 3 101 1 13 1 68 1 8.1 333 223
2 6 3 102 2 1 4 999 1 8.3 333 396
2 6 3 102 2 2 4 999 1 8.3 333 396
2 6 3 102 2 3 5 999 1 8.3 333 396
2 6 3 102 2 4 5 999 1 8.3 333 396
2 6 3 102 2 5 1 82 1 8.3 333 396
2 6 3 103 1 1 2 93 1 8.3 333 284
2 6 3 103 1 2 5 999 1 8.3 333 284
2 6 3 103 1 3 2 85 1 8.3 333 284
2 6 3 103 1 4 5 999 1 8.3 333 284
2 6 3 104 1 1 2 79 1 7.6 333 173
2 6 3 104 1 2 2 82 1 7.6 333 173
2 6 3 104 1 3 2 97 1 7.6 333 173
2 6 3 106 1 1 2 68 1 7.8 333 210
2 6 3 106 1 2 3 999 1 7.8 333 210
2 6 3 106 1 3 3 999 1 7.8 333 210
2 6 3 106 1 4 3 999 1 7.8 333 210
2 6 3 106 1 5 5 999 1 7.8 333 210
2 6 3 107 1 1 5 999 1 8 333 142
2 6 3 107 1 2 5 999 1 8 333 142
2 6 3 107 1 3 5 999 1 8 333 142
2 6 3 108 1 1 3 999 0 333 333 285
2 6 3 108 1 2 5 999 0 333 333 285
2 6 3 108 1 3 3 999 0 333 333 285
2 6 3 108 1 4 3 999 0 333 333 285
2 6 3 108 1 5 3 999 0 333 333 285
2 6 3 109 2 1 5 999 0 333 333 248
2 6 3 109 2 2 2 93 0 333 333 248
2 6 3 109 2 3 5 999 0 333 333 248
2 6 3 109 2 4 5 999 0 333 333 248
2 6 3 110 2 1 4 999 1 8.4 333 276
2 6 3 110 2 2 4 999 1 8.4 333 276
2 6 3 110 2 3 5 999 1 8.4 333 276
2 6 3 110 2 4 1 92 1 8.4 333 276
2 6 3 111 1 1 5 999 1 8.3 333 164
2 6 3 111 1 2 5 999 1 8.3 333 164
2 6 3 111 1 3 5 999 1 8.3 333 164
2 6 3 111 1 4 5 999 1 8.3 333 164
2 6 3 112 2 0 5 999 0 333 333 204
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
6 3 113 2 1 2 106 1 9 333 280
6 3 113 2 2 2 84 1 9 333 280
6 3 113 2 3 2 87 1 9 333 280
6 3 113 2 4 2 82 1 9 333 280
6 3 113 2 5 1 89 1 9 333 280
6 3 113 2 6 1 93 1 9 333 280
6 3 113 2 7 1 67 1 9 333 280
6 3 113 2 8 1 74 1 9 333 280
6 3 113 2 9 1 89 1 9 333 280
6 3 113 2 10 1 75 1 9 333 280
6 3 114 2 1 4 999 1 8.7 333 265
6 3 114 2 2 5 999 1 8.7 333 265
6 3 114 2 3 5 999 1 8.7 333 265
6 3 114 2 4 1 77 1 8.7 333 265
6 3 114 2 5 1 73 1 8.7 333 265
6 3 115 2 1 2 98 0 333 333 265
6 3 115 2 2 2 85 0 333 333 265
6 3 115 2 3 1 77 0 . 333 333 265
6 3 115 2 4 1 70 0 333 333 265
6 3 115 2 5 1 89 0 333 333 265
6 3 115 2 6 1 103 0 333 333 265
6 3 115 2 7 1 103 0 333 333 265
6 3 115 2 8 1 86 0 333 333 265
6 3 115 2 9 1 65 0 333 333 265
6 3 115 2 10 1 62 0 333 333 265
6 3 203 1 0 5 999 0 333 333 188
6 3 500 2 0 5 999 0 333 333 192
6 3 501 2 0 5 999 0 333 333 316
6 3 504 2 0 5 999 0 333 333 246
6 3 505 2 0 5 999 0 333 333 220
6 3 506 1 0 5 999 0 333 333 27
6 3 507 2 0 5 999 0 333 333 122
6 3 508 2 1 5 999 0 333 333 203
6 3 509 1 0 5 999 0 333 333 350
6 3 510 2 1 5 999 0 333 333 197
6 3 512 2 0 5 999 0 333 333 223
6 3 513 2 0 5 999 0 333 333 178
6 3 514 2 0 5 999 0 333 333 238
6 3 515 2 0 5 999 0 333 333 165
6 3 516 2 1 2 114 0 333 333 315
6 3 516 2 2 2 100 0 333 333 315
7 1 1 2 1 5 999 0 333 333 295
7 1 1 2 2 5 999 0 333 333 295
7 1 100 2 1 2 127 1 8.7 333 310
7 1 100 2 2 2 119 1 8.7 333 310
7 1 100 2 3 5 999 1 8.7 333 310
7 1 100 2 4 2 119 1 8.7 333 310
7 1 100 2 5 5 999 1 8.7 333 310
419
2 7 1 100 2 6 1
2 7 1 100 2 7 1
2 7 1 100 2 8 1
2 7 1 100 2 9 1
2 7 1 100 2 10 1
2 7 1 100 2 11 1
2 7 1 100 2 12 1
2 7 1 100 2 13 1
2 7 1 100 2 14 1
2 7 1 100 2 15 1
2 7 1 104 1 1 2
2 7 1 104 1 2 2
2 7 1 104 1 3 2
2 7 1 104 1 4 2
2 7 1 104 1 5 2
2 7 1 106 2 1 2
2 7 1 106 2 2 2
2 7 1 106 2 3 2
2 7 1 106 2 4 1
2 7 1 200 1 1 2
2 7 1 200 1 2 2
2 7 1 200 1 3 2
2 7 1 200 1 4 1
2 7 1 200 1 5 1
2 7 1 200 1 6 1
2 7 1 200 1 7 5
2 7 1 201 2 1 4
2 7 1 201 2 2 5
2 7 1 201 2 3 5
2 7 1 201 2 4 5
2 7 1 201 2 5 2
2 7 1 201 2 6 5
2 7 1 201 2 7 5
2 7 1 201 2 8 2
2 7 1 201 2 9 5
2 7 1 202 1 1 3
2 7 1 202 1 2 5
2 7 1 202 1 3 5
2 7 1 202 1 4 5
2 7 1 203 2 1 5
2 7 1 203 2 2 5
2 7 1 203 2 3 2
2 7 1 203 2 4 1
2 7 1 203 2 5 1
2 7 1 203 2 6 1
2 7 1 203 2 7 1
2 7 1 203 2 8 1
2 7 1 203 2 9 1
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 8.7 333 310
1 9 333 227
1 9 333 227
1 9 333 227
1 9 333 227
1 9 333 227
0 333 333 229
0 333 333 229
0 333 333 229
0 333 333 229
1 8.4 333 261
1 8.4 333 261
1 8.4 333 261
1 8.4 333 261
1 8.4 333 261
1 8.4 333 261
1 8.4 333 261
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.6 333 253
1 8.5 333 203
1 8.5 333 203
1 8.5 333 203
1 8.5 333 203
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
1 8.1 333 196
103
92
88
128
104
79
91
80
82
88
86
85
71
85
87
96
94
90
78
83
78
86
89
74
72
999
999
999
999
999
58
999
999
66
999
999
999
999
999
999
999
91
100
101
97
80
82
74
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
7 1 204 2 1 5 999 1 8.1 333 247
7 1 204 2 2 2 91 1 8.1 333 247
7 1 204 2 3 2 90 1 8.1 333 247
7 1 204 2 4 2 91 1 8.1 333 247
7 1 204 2 5 1 75 1 8.1 333 247
7 1 204 2 6 1 75 1 8.1 333 247
7 1 204 2 7 1 59 1 8.1 333 247
7 1 204 2 8 1 66 1 8.1 333 247
7 1 204 2 9 1 71 1 8.1 333 247
7 1 204 2 10 1 70 1 8.1 333 247
7 1 205 2 1 3 999 1 7.7 333 252
7 1 205 2 2 5 999 1 7.7 333 252
7 1 205 2 3 1 80 1 7.7 333 252
7 1 205 2 4 1 81 1 7.7 333 252
7 1 205 2 5 1 104 1 7.7 333 252
7 1 205 2 6 1 92 1 7.7 333 252
7 1 205 2 7 1 70 1 7.7 333 252
7 1 205 2 8 1 82 1 7.7 333 252
7 1 205 2 9 5 999 1 7.7 333 252
7 1 205 2 10 1 38 1 7.7 333 252
7 1 206 2 1 2 105 1 7.8 333 230
7 1 206 2 2 5 999 1 7.8 333 230
7 1 206 2 3 1 101 1 7.8 333 230
7 1 206 2 4 1 96 1 7.8 333 230
7 1 206 2 5 1 95 1 7.8 333 230
7 1 206 2 6 5 999 1 7.8 333 230
7 1 206 2 7 1 95 1 7.8 333 230
7 1 206 2 8 1 62 1 7.8 333 230
7 1 206 2 9 5 999 1 7.8 333 230
7 1 206 2 10 1 80 1 7.8 333 230
7 1 206 2 11 1 56 1 7.8 333 230
7 1 207 2 1 5 999 1 8.4 333 123
7 1 207 2 2 1 73 1 8.4 333 123
7 1 506 2 0 5 999 0 333 333 107
7 1 507 2 0 5 999 0 333 333 231
7 1 508 2 0 5 999 0 333 333 222
7 1 509 2 0 5 999 0 333 333 40
7 1 510 2 0 5 999 0 333 333 232
7 1 511 2 0 5 999 0 333 333 375
7 1 512 2 0 5 999 0 333 333 285
7 1 513 2 0 5 999 0 333 333 141
7 1 514 2 0 5 999 0 333 333 255
7 1 515 2 0 5 999 0 333 333 199
7 2 100 2 1 5 999 2 8.9 8.9 245
7 2 100 2 2 2 173 2 8.9 8.9 245
7 2 100 2 3 2 169 2 8.9 8.9 245
7 2 100 2 4 1 100 2 8.9 8.9 245
7 2 100 2 5 1 173 2 8.9 8.9 245
421
2 7 2 100 2 6 1 151 2 8.9 8.9 245
2 7 2 100 2 7 1 100 2 8.9 8.9 245
2 7 2 100 2 8 1 140 2 8.9 8.9 245
2 7 2 100 2 9 1 151 2 8.9 8.9 245
2 7 2 100 2 10 1 139 2 8.9 8.9 245
2 7 2 100 2 11 1 136 2 8.9 8.9 245
2 7 2 100 2 12 1 103 2 8.9 8.9 245
2 7 2 100 2 13 1 104 2 8.9 8.9 245
2 7 2 101 2 1 2 71 0 333 333 155
2 7 2 101 2 2 2 76 0 333 333 155
2 7 2 101 2 3 2 98 0 333 333 155
2 7 2 101 2 4 3 999 0 333 333 155
2 7 2 102 2 0 5 999 0 333 333 170
2 7 2 104 2 1 5 999 0 333 333 310
2 7 2 104 2 2 5 999 0 333 333 310
2 7 2 104 2 3 2 76 0 333 333 310
2 7 2 105 2 1 2 128 2 7.5 8.8 305
2 7 2 105 2 2 2 120 2 7.5 8.8 305
2 7 2 105 2 3 2 122 2 7.5 8.8 305
2 7 2 105 2 4 2 98 2 7.5 8.8 305
2 7 2 105 2 5 1 78 2 7.5 8.8 305
2 7 2 105 2 6 1 72 2 7.5 8.8 305
2 7 2 105 2 7 1 125 2 7.5 8.8 305
2 7 2 105 2 8 1 62 2 7.5 8.8 305
2 7 2 105 2 9 1 81 2 7.5 8.8 305
2 7 2 105 2 10 1 94 2 7.5 8.8 305
2 7 2 105 2 11 1 84 2 7.5 8.8 305
2 7 2 105 2 12 1 75 2 7.5 8.8 305
2 7 2 105 2 13 1 66 2 7.5 8.8 305
2 7 2 105 2 14 5 999 2 7.5 8.8 305
2 7 2 107 2 1 2 128 1 8.4 333 214
2 7 2 107 2 2 2 98 1 8.4 333 214
2 7 2 107 2 3 2 97 1 8.4 333 214
2 7 2 107 2 4 1 89 1 8.4 333 214
2 7 2 107 2 5 1 85 1 8.4 333 214
2 7 2 107 2 6 1 70 1 8.4 333 214
2 7 2 107 2 7 1 85 1 8.4 333 214
2 7 2 107 2 8 5 999 1 8.4 333 214
2 7 2 107 2 9 1 63 1 8.4 333 214
2 7 2 107 2 10 1 74 1 8.4 333 214
2 7 2 107 2 11 1 68 1 8.4 333 214
2 7 2 107 2 12 1 68 1 8.4 333 214
2 7 2 108 2 1 5 999 1 7.6 333 185
2 7 2 108 2 2 2 105 1 7.6 333 185
2 7 2 109 2 1 2 154 1 8.8 333 191
2 7 2 109 2 2 5 999 1 8.8 333 191
2 7 2 109 2 3 1 119 1 8.8 333 191
2 7 2 109 2 4 5 999 1 8.8 333 191
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
7 2 109 2 5 1 118 1 8.8 333 191
7 2 110 2 1 2 85 1 8.1 333 235
7 2 110 2 2 2 97 1 8.1 333 235
7 2 110 2 3 1 111 1 8.1 333 235
7 2 110 2 4 5 999 1 8.1 333 235
7 2 110 2 5 2 126 1 8.1 333 235
7 2 110 2 6 5 999 1 8.1 333 235
7 2 110 2 7 2 109 1 8.1 333 235
7 2 111 2 1 2 109 1 8.8 333 215
7 2 111 2 2 2 88 1 8.8 333 215
7 2 111 2 3 2 103 1 8.8 333 215
7 2 111 2 4 2 88 1 8.8 333 215
7 2 111 2 5 1 68 1 8.8 333 215
7 2 113 2 0 5 999 0 333 333 142
7 2 114 2 1 2 118 1 8.3 333 240
7 2 114 2 2 2 115 1 8.3 333 240
7 2 114 2 3 2 95 1 8.3 333 240
7 2 114 2 4 2 93 1 8.3 333 240
7 2 115 2 1 2 124 0 333 333 305
7 2 115 2 2 2 117 0 333 333 305
7 2 115 2 3 5 999 0 333 333 305
7 2 115 2 4 5 999 0 333 333 305
7 2 500 2 0 5 999 0 333 333 105
7 2 502 2 0 5 999 0 333 333 272
7 2 503 2 0 5 999 0 333 333 180
7 2 505 2 0 5 999 0 333 333 139
7 2 507 2 0 5 999 0 333 333 205
7 2 508 2 0 5 999 0 333 333 30
7 2 509 2 0 5 999 0 333 333 86
7 3 2 2 1 2 106 1 8.7 333 332
7 3 2 2 2 2 101 1 8.7 333 332
7 3 2 2 3 2 96 1 8.7 333 332
7 3 2 2 4 2 93 1 8.7 333 332
7 3 2 2 5 1 86 1 8.7 333 332
7 3 2 2 6 1 81 1 8.7 333 332
7 3 2 2 7 1 78 1 8.7 333 332
7 3 2 2 8 1 73 1 8.7 333 332
7 3 2 2 9 1 68 1 8.7 333 332
7 3 2 2 10 1 63 1 8.7 333 332
7 3 2 2 11 1 58 1 8.7 333 332
7 3 2 2 12 1 52 1 8.7 333 332
7 3 2 2 13 1 56 1 8.7 333 332
7 3 2 2 14 1 53 1 8.7 333 332
7 3 200 2 1 2 97 1 8.7 333 339
7 3 200 2 2 2 95 1 8.7 333 339
7 3 200 2 3 2 82 1 8.7 333 339
7 3 200 2 4 5 999 1 8.7 333 339
7 3 200 2 5 2 80 1 8.7 333 339
423
2 7 3 200 2 6 1 65 1 8.7 333 339
2 7 3 200 2 7 1 75 1 8.7 333 339
2 7 3 200 2 8 1 59 1 8.7 333 339
2 7 3 200 2 9 1 61 1 8.7 333 339
2 7 3 200 2 10 1 71 1 8.7 333 339
2 7 3 200 2 11 1 59 1 8.7 333 339
2 7 3 200 2 12 1 55 1 8.7 333 339
2 7 3 200 2 13 1 45 1 8.7 333 339
2 7 3 200 2 14 1 73 1 8.7 333 339
2 7 3 200 2 15 1 66 1 8.7 333 339
2 7 3 200 2 16 1 63 1 8.7 333 339
2 7 3 200 2 17 1 75 1 8.7 333 339
2 7 3 201 2 1 2 103 1 8 333 252
2 7 3 201 2 2 2 107 1 8 333 252
2 7 3 201 2 3 1 95 1 8 333 252
2 7 3 201 2 4 1 92 1 8 333 252
2 7 3 201 2 5 2 93 1 8 333 252
2 7 3 201 2 6 1 85 1 8 333 252
2 7 3 201 2 7 1 80 1 8 333 252
2 7 3 201 2 8 1 73 1 8 333 252
2 7 3 201 2 9 1 89 1 8 333 252
2 7 3 201 2 10 1 68 1 8 333 252
2 7 3 201 2 11 1 74 1 8 333 252
2 7 3 201 2 12 1 98 1 8 333 252
2 7 3 201 2 13 1 68 1 8 333 252
2 7 3 201 2 14 1 60 1 8 333 252
2 7 3 202 2 1 2 104 1 7.5 333 250
2 7 3 202 2 2 2 101 1 7.5 333 250
2 7 3 202 2 3 2 100 1 7.5 333 250
2 7 3 202 2 4 1 88 1 7.5 333 250
2 7 3 202 2 5 1 90 1 7.5 333 250
2 7 3 202 2 6 2 108 1 7.5 333 250
2 7 3 202 2 7 1 100 1 7.5 333 250
2 7 3 202 2 8 1 111 1 7.5 333 250
2 7 3 202 2 9 1 81 1 7.5 333 250
2 7 3 202 2 10 1 63 1 7.5 333 250
2 7 3 202 2 11 1 74 1 7.5 333 250
2 7 3 202 2 12 1 70 1 7.5 333 250
2 7 3 203 2 1 2 68 1 8.8 333 220
2 7 3 203 2 2 2 77 1 8.8 333 220
2 7 3 203 2 3 2 84 1 8.8 333 220
2 7 3 204 2 1 2 91 1 7.9 333 285
2 7 3 204 2 2 2 62 1 7.9 333 285
2 7 3 204 2 3 2 63 1 7.9 333 285
2 7 3 204 2 4 1 77 1 7.9 333 285
2 7 3 204 2 5 1 110 1 7.9 333 285
2 7 3 204 2 6 1 69 1 7.9 333 285
2 7 3 204 2 7 1 70 1 7.9 333 285
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
7 3 204 2 8 1 76 1 7.9 333 285
7 3 204 2 9 1 56 1 7.9 333 285
7 3 204 2 10 1 48 1 7.9 333 285
7 3 204 2 11 1 50 1 7.9 333 285
7 3 205 1 1 5 999 1 8.4 333 212
7 3 205 1 2 5 999 1 8.4 333 212
7 3 205 1 3 5 999 1 8.4 333 212
7 3 206 2 1 2 110 1 8.2 8.5 290
7 3 206 2 2 2 105 1 8.2 8.5 290
7 3 206 2 3 2 106 1 8.2 8.5 290
7 3 206 2 4 5 999 1 8.2 8.5 290
7 3 206 2 5 2 80 1 8.2 8.5 290
7 3 206 2 6 5 999 1 8.2 8.5 290
7 3 206 2 7 1 42 1 8.2 8.5 290
7 3 206 2 8 5 999 1 8.2 8.5 290
7 3 206 2 9 5 999 1 8.2 8.5 290
7 3 206 2 10 1 40 1 8.2 8.5 290
7 3 207 1 1 5 999 1 7.9 333 220
7 3 207 1 2 2 75 1 7.9 333 220
7 3 209 2 1 2 87 1 9.2 333 260
7 3 209 2 2 2 85 1 9.2 333 260
7 3 209 2 3 2 72 1 9.2 333 260
7 3 209 2 4 1 69 1 9.2 333 260
7 3 209 2 5 1 69 1 9.2 333 260
7 3 209 2 6 1 55 1 9.2 333 260
7 3 209 2 7 1 102 1 9.2 333 260
7 3 209 2 8 1 60 1 9.2 333 260
7 3 209 2 9 1 75 1 9.2 333 260
7 3 209 2 10 1 63 1 9.2 333 260
7 3 210 1 1 5 999 1 8.9 333 223
7 3 210 1 2 2 77 1 8.9 333 223
7 3 210 1 3 2 83 1 8.9 333 223
7 3 211 2 1 2 107 1 9.1 333 233
7 3 211 2 2 2 95 1 9.1 333 233
7 3 211 2 3 2 92 1 9.1 333 233
7 3 211 2 4 2 86 1 9.1 333 233
7 3 211 2 5 5 999 1 9.1 333 233
7 3 211 2 6 2 78 1 9.1 333 233
7 3 211 2 7 1 61 1 9.1 333 233
7 3 500 2 0 5 999 0 333 333 257
7 3 501 2 0 5 999 0 333 333 46
7 3 502 1 0 5 999 0 333 333 194
7 3 503 2 0 5 999 0 333 333 178
7 3 504 2 0 5 999 0 333 333 214
7 3 508 2 0 5 999 0 333 333 70
7 3 509 2 0 5 999 0 333 333 180
7 3 510 2 0 5 999 0 333 333 198
7 3 511 2 0 5 999 0 333 333 201
425
2 7 3 512 2 0 5
2 7 3 513 2 0 5
2 8 1 100 1 1 2
2 8 1 100 1 2 2
2 8 1 100 1 3 1
2 8 1 100 1 4 1
2 8 1 100 1 5 1
2 8 1 100 1 6 5
2 8 1 100 1 7 5
2 8 1 101 2 1 2
2 8 1 101 2 2 2
2 8 1 101 2 3 2
2 8 1 101 2 4 1
2 8 1 101 2 5 1
2 8 1 101 2 6 1
2 8 1 101 2 7 1
2 8 1 101 2 8 5
2 8 1 101 2 9 1
2 8 1 101 2 10 1
2 8 1 101 2 11 1
2 8 1 101 2 12 1
2 8 1 101 2 13 1
2 8 1 101 2 14 1
2 8 1 101 2 15 1
2 8 1 102 2 1 2
2 8 1 102 2 2 2
2 8 1 102 2 3 1
2 8 1 102 2 4 5
2 8 1 103 2 1 2
2 8 1 103 2 2 2
2 8 1 103 2 3 3
2 8 1 103 2 4 5
2 8 1 103 2 5 5
2 8 1 103 2 6 5
2 8 1 103 2 7 5
2 8 1 104 2 1 2
2 8 1 104 2 2 2
2 8 1 104 2 3 5
2 8 1 104 2 4 5
2 8 1 104 2 5 5
2 8 1 104 2 6 5
2 8 1 104 2 7 5
2 8 1 104 2 8 5
2 8 1 105 1 1 2
2 8 1 105 1 2 2
2 8 1 105 1 3 2
2 8 1 105 1 4 2
2 8 1 106 2 1 2
0 333 333 215
0 333 333 265
1 7.8 333 173
1 7.8 333 173
1 7.8 333 173
1 7.8 333 173
1 7.8 333 173
1 7.8 333 173
1 7.8 333 173
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 8.6 333 320
1 9 333 194
1 9 333 194
1 9 333 194
1 9 333 194
1 8.3 333 355
1 8.3 333 355
1 8.3 333 355
1 8.3 333 355
1 8.3 333 355
1 8.3 333 355
1 8.3 333 355
1 8.7 333 245
1 8.7 333 245
1 8.7 333 245
1 8.7 333 245
1 8.7 333 245
1 8.7 333 245
1 8.7 333 245
1 8.7 333 245
0 333 333 195
0 333 333 195
0 333 333 195
0 333 333 195
1 8.8 333 273
999
999
79
90
86
87
87
999
999
99
101
89
87
102
103
90
999
90
77
62
81
90
80
78
88
90
77
999
92
94
999
999
999
999
999
95
99
999
999
999
999
999
999
102
89
105
103
92
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
8 1 106 2 2 2 94 1 8.8 333 273
8 1 106 2 3 2 106 1 8.8 333 273
8 1 106 2 4 1 90 1 8.8 333 273
8 1 106 2 5 1 94 1 8.8 333 273
8 1 106 2 6 1 82 1 8.8 333 273
8 1 106 2 7 1 101 1 8.8 333 273
8 1 106 2 8 1 91 1 8.8 333 273
8 1 106 2 9 1 90 1 8.8 333 273
8 1 106 2 10 1 90 1 8.8 333 273
8 1 106 2 11 1 89 1 8.8 333 273
8 1 106 2 12 1 50 1 8.8 333 273
8 1 107 2 1 4 999 0 333 333 252
8 1 107 2 2 4 999 0 333 333 252
8 1 107 2 3 5 999 0 333 333 252
8 1 108 2 1 2 102 1 8.9 333 335
8 1 108 2 2 5 999 1 8.9 333 335
8 1 108 2 3 1 103 1 8.9 333 335
8 1 108 2 4 3 999 1 8.9 333 335
8 1 108 2 5 1 77 1 8.9 333 335
8 1 108 2 6 1 79 1 8.9 333 335
8 1 108 2 7 5 999 1 8.9 333 335
8 1 109 2 1 2 96 1 8.4 333 271
8 1 109 2 2 2 108 1 8.4 333 271
8 1 109 2 3 2 112 1 8.4 333 271
8 1 109 2 4 1 85 1 8.4 333 271
8 1 109 2 5 1 113 1 8.4 333 271
8 1 110 2 1 4 999 1 8.4 333 246
8 1 110 2 2 4 999 1 8.4 333 246
8 1 110 2 3 5 999 1 8.4 333 246
8 1 110 2 4 5 999 1 8.4 333 246
8 1 110 2 5 1 76 1 8.4 333 246
8 1 502 2 0 5 999 0 333 333 214
8 1 503 2 1 5 999 0 333 333 166
8 1 503 2 2 5 999 0 333 333 166
8 1 504 2 0 5 999 0 333 333 300
8 1 505 1 0 5 999 0 333 333 117
8 1 506 2 0 5 999 0 333 333 154
8 1 507 2 0 5 999 0 333 333 247
8 1 508 2 0 5 999 0 333 333 210
8 1 510 2 0 5 999 0 333 333 200
8 1 511 2 0 5 999 0 333 333 304
8 2 1 2 1 5 999 0 333 333 133
8 2 2 2 1 2 99 1 8.5 333 250
8 2 2 2 2 2 100 1 8.5 333 250
8 2 2 2 3 2 93 1 8.5 333 250
8 2 2 2 4 1 86 1 8.5 333 250
8 2 2 2 5 1 72 1 8.5 333 250
8 2 2 2 6 1 55 1 8.5 333 250
427
2 8 2 2 2 7 1 87 1 8.5 333 250
2 8 2 2 2 8 1 78 1 8.5 333 250
2 8 2 2 2 9 3 999 1 8.5 333 250
2 8 2 2 2 10 1 70 1 8.5 333 250
2 8 2 200 2 1 2 92 1 8 333 280
2 8 2 200 2 2 2 87 1 8 333 280
2 8 2 200 2 3 1 75 1 8 333 280
2 8 2 201 2 1 2 63 1 7.9 333 261
2 8 2 201 2 2 2 95 1 7.9 333 261
2 8 2 201 2 3 2 80 1 7.9 333 261
2 8 2 201 2 4 1 84 1 7.9 333 261
2 8 2 201 2 5 1 62 1 7.9 333 261
2 8 2 201 2 6 1 85 1 7.9 333 261
2 8 2 201 2 7 1 73 1 7.9 333 261
2 8 2 201 2 8 1 64 1 7.9 333 261
2 8 2 201 2 9 1 62 1 7.9 333 261
2 8 2 201 2 10 1 61 1 7.9 333 261
2 8 2 201 2 11 1 56 1 7.9 333 261
2 8 2 201 2 12 1 44 1 7.9 333 261
2 8 2 202 1 1 2 87 1 8.8 333 260
2 8 2 202 1 2 2 82 1 8.8 333 260
2 8 2 202 1 3 2 61 1 8.8 333 260
2 8 2 202 1 4 2 83 1 8.8 333 260
2 8 2 202 1 5 5 999 1 8.8 333 260
2 8 2 203 2 1 2 97 1 8 333 345
2 8 2 203 2 2 2 83 1 8 333 345
2 8 2 203 2 3 2 91 1 8 333 345
2 8 2 203 2 4 2 83 1 8 333 345
2 8 2 203 2 5 1 76 1 8 333 345
2 8 2 204 2 1 2 109 1 8.5 333 255
2 8 2 204 2 2 2 113 1 8.5 333 255
2 8 2 204 2 3 2 135 1 8.5 333 255
2 8 2 204 2 4 1 95 1 8.5 333 255
2 8 2 204 2 5 1 91 1 8.5 333 255
2 8 2 204 2 6 1 117 1 8.5 333 255
2 8 2 204 2 7 1 93 1 8.5 333 255
2 8 2 204 2 8 1 88 1 8.5 333 255
2 8 2 204 2 9 1 85 1 8.5 333 255
2 8 2 204 2 10 1 55 1 8.5 333 255
2 8 2 204 2 11 1 60 1 8.5 333 255
2 8 2 205 1 1 2 98 1 7.7 333 207
2 8 2 205 1 2 2 92 1 7.7 333 207
2 8 2 205 1 3 5 999 1 7.7 333 207
2 8 2 205 1 4 5 999 1 7.7 333 207
2 8 2 205 1 5 5 999 1 7.7 333 207
2 8 2 206 2 1 4 999 0 333 333 302
2 8 2 206 2 2 4 999 0 333 333 302
2 8 2 207 2 1 2 65 1 8.6 333 250
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
8 2 207 2 2 1 103 1 8.6 333 250
8 2 208 2 1 2 100 1 7.5 333 261
8 2 208 2 2 1 94 1 7.5 333 261
8 2 208 2 3 1 91 1 7.5 333 261
8 2 208 2 4 1 78 1 7.5 333 261
8 2 208 2 5 1 69 1 7.5 333 261
8 2 209 2 1 2 122 2 8.5 8.8 360
8 2 209 2 2 2 122 2 8.5 8.8 360
8 2 209 2 3 2 115 2 8.5 8.8 360
8 2 209 2 4 1 81 2 8.5 8.8 360
8 2 209 2 5 1 75 2 8.5 8.8 360
8 2 209 2 6 1 108 2 8.5 8.8 360
8 2 209 2 7 1 91 2 8.5 8.8 360
8 2 209 2 8 1 74 2 8.5 8.8 360
8 2 209 2 9 1 121 2 8.5 8.8 360
8 2 209 2 10 1 101 2 8.5 8.8 360
8 2 209 2 11 1 58 2 8.5 8.8 360
8 2 209 2 12 1 62 2 8.5 8.8 360
8 2 209 2 13 1 84 2 8.5 8.8 360
8 2 209 2 14 1 65 2 8.5 8.8 360
8 2 209 2 15 1 62 2 8.5 8.8 360
8 2 209 2 16 1 69 2 8.5 8.8 360
8 2 210 2 1 2 104 1 8.4 333 275
8 2 210 2 2 2 107 1 8.4 333 275
8 2 210 2 3 2 93 1 8.4 333 275
8 2 210 2 4 1 103 1 8.4 333 275
8 2 210 2 5 1 83 1 8.4 333 275
8 2 210 2 6 1 98 1 8.4 333 275
8 2 210 2 7 1 79 1 8.4 333 275
8 2 210 2 8 1 75 1 8.4 333 275
8 2 210 2 9 1 89 1 8.4 333 275
8 2 210 2 10 1 74 1 8.4 333 275
8 2 210 2 11 1 66 1 8.4 333 275
8 2 211 2 0 5 999 0 333 333 311
8 2 212 2 1 2 101 0 333 333 340
8 2 212 2 2 5 999 0 333 333 340
8 2 212 2 3 2 89 0 333 333 340
8 2 212 2 4 2 118 0 333 333 340
8 2 212 2 5 1 93 0 333 333 340
8 2 212 2 6 1 108 0 333 333 340
8 2 212 2 7 1 68 0 333 333 340
8 2 212 2 8 1 48 0 333 333 340
8 2 212 2 9 1 55 0 333 333 340
8 2 212 2 10 1 80 0 333 333 340
8 2 212 2 11 1 89 0 333 333 340
8 2 212 2 12 1 93 0 333 333 340
8 2 212 2 13 5 999 0 333 333 340
8 2 501 2 0 5 999 0 333 333 142
429
2 8 2 502 2 0 5 999 0 333 333 280
2 8 2 504 2 0 5 999 0 333 333 120
2 8 3 101 1 1 2 76 1 8.4 333 125
2 8 3 101 1 2 2 91 1 8.4 333 125
2 8 3 200 1 1 2 85 1 8.5 333 220
2 8 3 200 1 2 2 95 1 8.5 333 220
2 8 3 200 1 3 2 97 1 8.5 333 220
2 8 3 200 1 4 2 95 1 8.5 333 220
2 8 3 200 1 5 2 91 1 8.5 333 220
2 8 3 202 1 1 2 95 1 8.9 333 175
2 8 3 202 1 2 2 97 1 8.9 333 175
2 8 3 202 1 3 2 86 1 8.9 333 175
2 8 3 202 1 4 2 81 1 8.9 333 175
2 8 3 203 1 1 2 104 1 8.4 333 186
2 8 3 203 1 2 2 100 1 8.4 333 186
2 8 3 203 1 3 2 92 1 8.4 333 186
2 8 3 203 1 4 5 999 1 8.4 333 186
2 8 3 204 1 1 2 98 1 8.4 333 197
2 8 3 204 1 2 2 89 1 8.4 333 197
2 8 3 204 1 3 2 86 1 8.4 333 197
2 8 3 204 1 4 2 87 1 8.4 333 197
2 8 3 205 1 1 2 100 1 8.2 333 275
2 8 3 205 1 2 2 98 1 8.2 333 275
2 8 3 205 1 3 2 107 1 8.2 333 275
2 8 3 206 2 1 2 99 1 8.8 333 251
2 8 3 206 2 2 5 999 1 8.8 333 251
2 8 3 206 2 3 2 32 1 8.8 333 251
2 8 3 206 2 4 1 103 1 8.8 333 251
2 8 3 206 2 5 1 98 1 8.8 333 251
2 8 3 206 2 6 1 87 1 8.8 333 251
2 8 3 206 2 7 1 82 1 8.8 333 251
2 8 3 206 2 8 1 82 1 8.8 333 251
2 8 3 206 2 9 3 999 1 8.8 333 251
2 8 3 206 2 10 1 88 1 8.8 333 251
2 8 3 206 2 11 1 86 1 8.8 333 251
2 8 3 206 2 12 1 83 1 8.8 333 251
2 8 3 207 2 1 5 999 1 8.4 333 303
2 8 3 207 2 2 2 122 1 8.4 333 303
2 8 3 207 2 3 2 96 1 8.4 333 303
2 8 3 207 2 4 2 119 1 8.4 333 303
2 8 3 207 2 5 1 84 1 8.4 333 303
2 8 3 207 2 6 2 109 1 8.4 333 303
2 8 3 207 2 7 1 98 1 8.4 333 303
2 8 3 207 2 8 1 84 1 8.4 333 303
2 8 3 208 2 1 4 999 1 8.5 333 226
2 8 3 208 2 2 5 999 1 8.5 333 226
2 8 3 208 2 3 5 999 1 8.5 333 226
2 8 3 208 2 4 5 999 1 8.5 333 226
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
8 3 208 2 5 4 999 1 8.5 333 226
8 3 208 2 6 5 999 1 8.5 333 226
8 3 208 2 7 5 999 1 8.5 333 226
8 3 208 2 8 5 999 1 8.5 333 226
8 3 208 2 9 5 999 1 8.5 333 226
8 3 208 2 10 5 999 1 8.5 333 226
8 3 209 2 1 2 62 1 8.5 333 300
8 3 209 2 2 2 98 1 8.5 333 300
8 3 209 2 3 2 85 1 8.5 333 300
8 3 209 2 4 2 97 1 8.5 333 300
8 3 209 2 5 2 86 1 8.5 333 300
8 3 210 2 1 2 102 1 8 333 220
8 3 210 2 2 2 99 1 8 333 220
8 3 210 2 3 1 102 1 8 333 220
8 3 210 2 4 1 89 1 8 333 220
8 3 210 2 5 1 97 1 8 333 220
8 3 210 2 6 1 94 1 8 333 220
8 3 210 2 7 1 71 1 8 333 220
8 3 210 2 8 1 80 1 8 333 220
8 3 210 2 9 1 76 1 8 333 220
8 3 210 2 10 1 63 1 8 333 220
8 3 210 2 11 1 64 1 8 333 220
8 3 211 2 1 2 114 1 8.1 333 300
8 3 211 2 2 2 99 1 8.1 333 300
8 3 211 2 3 2 94 1 8.1 333 300
8 3 211 2 4 1 91 1 8.1 333 300
8 3 211 2 5 1 101 1 8.1 333 300
8 3 211 2 6 1 96 1 8.1 333 300
8 3 211 2 7 5 999 1 8.1 333 300
8 3 211 2 8 1 85 1 8.1 333 300
8 3 211 2 9 5 999 1 8.1 333 300
8 3 211 2 10 1 79 1 8.1 333 300
8 3 211 2 11 5 999 1 8.1 333 300
8 3 212 2 1 5 999 1 8.2 333 265
8 3 212 2 2 5 999 1 8.2 333 265
8 3 212 2 3 5 999 1 8.2 333 265
8 3 212 2 4 5 999 1 8.2 333 265
8 3 212 2 5 1 77 1 8.2 333 265
8 3 212 2 6 1 67 1 8.2 333 265
8 3 212 2 7 1 65 1 8.2 333 265
8 3 212 2 8 1 69 1 8.2 333 265
8 3 212 2 9 1 72 1 8.2 333 265
8 3 212 2 10 1 71 1 8.2 333 265
8 3 212 2 11 1 68 1 8.2 333 265
8 3 212 2 12 1 68 1 8.2 333 265
8 3 212 2 13 1 65 1 8.2 333 265
8 3 213 2 1 2 62 1 8.2 333 315
8 3 213 2 2 2 91 1 8.2 333 315
431
2 8 3 213 2 3 2
2 8 3 213 2 4 1
2 8 3 213 2 5 1
2 8 3 213 2 6 1
2 8 3 213 2 7 1
2 8 3 213 2 8 1
2 8 3 213 2 9 1
2 8 3 215 1 1 2
2 8 3 215 1 2 5
2 8 3 215 1 3 2
2 8 3 215 1 4 2
2 8 3 215 1 5 2
2 8 3 216 2 1 4
2 8 3 216 2 2 5
2 8 3 216 2 3 5
2 8 3 216 2 4 5
2 8 3 216 2 5 1
2 8 3 217 2 1 2
2 8 3 217 2 2 2
2 8 3 217 2 3 1
2 8 3 217 2 4 1
2 8 3 217 2 5 1
2 8 3 217 2 6 1
2 8 3 217 2 7 1
2 8 3 217 2 8 1
2 8 3 217 2 9 1
2 8 3 217 2 10 1
2 8 3 217 2 11 5
2 8 3 218 2 1 2
2 8 3 218 2 2 5
2 8 3 218 2 3 1
2 8 3 218 2 4 1
2 8 3 218 2 5 1
2 8 3 218 2 6 1
2 8 3 218 2 7 1
2 8 3 218 2 8 1
2 8 3 218 2 9 1
2 8 3 218 2 10 1
2 8 3 218 2 11 5
2 8 3 218 2 12 1
2 8 3 500 2 0 5
2 8 3 501 2 0 5
2 8 3 503 2 0 5
2 8 3 504 1 0 5
2 8 3 505 2 0 5
2 8 3 509 2 0 5
2 8 3 510 2 0 5
2 8 3 511 2 0 5
1 8.2 333 315
1 8.2 333 315
1 8.2 333 315
1 8.2 333 315
1 8.2 333 315
1 8.2 333 315
1 8.2 333 315
1 8.3 333 213
1 8.3 333 213
1 8.3 333 213
1 8.3 333 213
1 8.3 333 213
1 8.2 333 244
1 8.2 333 244
1 8.2 333 244
1 8.2 333 244
1 8.2 333 244
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
1 8 333 285
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
2 7.9 8.3 230
0 333 333 286
0 333 333 141
0 333 333 146
0 333 333 96
0 333 333 202
0 333 333 260
0 333 333 282
0 333 333 161
99
90
84
78
78
76
73
73
999
101
71
103
999
999
999
999
65
107
76
101
92
105
95
62
72
53
57
999
109
999
100
92
86
90
97
77
88
85
999
61
999
999
999
999
999
999
999
999
